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Abstract 
 
The influence of solvent and steric hindrance on the conversion of thiolsulfinates to 
trisulfides with hexamethyldisilathiane was investigated and a new polar 
mechanism, based on acceleration of the reaction by polar solvents and by 
fluoride ions, was proposed. 
 
The mono and dialkylation of 2,2-disubstituted 1,3-dithiane-1-oxides was 
investigated. Whereas those derived from menthone form only one diastereomer 
which cannot be alkylated further, those derived from acetone form two 
diastereomers. Only one of them can be alkylated further. 
 
Dehydration of the diastereomeric tertiary alcohols derived from directed aldol-
reaction of γ-butyrolactones and methyl ketones yields diastereomeric conjugated 
enes in high yield and d.e. Michael-addition of benzyl thiols to these gives good 
yields and d.e. of the Michael-adducts. 
 
Deprotection of PMB-protected thiols with concomitant formation of disulfides was 
achieved by bromine in methanol or CH2Cl2. 
 
A seven-membered cyclic disulfide which contains the carbon backbone of the 
Perophora viridis trisulfide, albeit with two stereocentres in the incorrect 
configuration, was prepared. Two of the most advanced structures are shown 
below. 
 
Keywords: thiolsulfinate, trisulfide, sulfoxide, Michael-addition, trithiocane 
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Abbreviations 
 
AcOH  acetic acid 
aq.   aqueous 
Bn   benzyl 
bp  boiling point 
calc.   calculated 
cat.  catalytic 
(chrom.) yield after purification by chromatography 
conc.  concentrated 
(cryst.) yield after purification by crystallization 
CTAB  hexadecyltrimethylammonium bromide 
DBU   1,8-diazabicyclo[5.4.0]undec-7-ene  
DCM  dichloromethane  
(dist.)   yield after purified by distillation 
DMDO  dimethyldioxirane 
DME   1,2-dimethoxyethane 
DMSO  dimethyl sulfoxide 
EtOAc  ethyl acetate 
GCMS gas chromatography mass spectrometry 
HRMS high resolution mass spectrometry 
isol.   isolated 
mb   millibar 
mCPBA  meta-chloroperbenzoic acid 
mCBA  meta-chlorobenzoic acid 
HMDSO  hexamethyldisiloxane 
HMDST  hexamethyldisilathiane 
HPLC  high performance liquid chromatography 
MeLi   methyllithium 
MeOH  methanol 
mp   melting point 
MPA   molybdophosphoric acid 
nBuLi   n-butyllithium 
NCS  N-chlorosuccinimide 
o.n.   over night 
 9
Oxone®  is 2KHSO5•KHSO4•K2SO4 
PDC   pyridinium dichromate 
petrol   is light petroleum bp 40-60°C 
PG   protecting group 
PMB   para-methoxybenzyl 
PTC   phase-transfer-catalyst 
PTSA   para-toluenesulfonic acid 
rac.   racemic 
rbf   round-bottom-flask 
r.t.   room-temperature 
sat.   saturated 
TBAF   tetrabutylammonium fluoride 
TBS  tert-butyldimethylsilyl 
TFA   trifluoroacetic acid 
TFAA   trifluoroacetic anhydride 
TMDST 1,1,3,3-tetramethyldisilathiane 
TMS  trimethylsilyl 
Tol   p-tolyl (4-methylphenyl) 
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1 Introduction 
 
1.1 Biological and chemical importance of sulfur 
 
Sulfur-containing organic compounds play an important role in nature, in medicine, 
as flavouring agents in cooking, as well as in organic synthesis. Among the most 
important sulfur compounds in nature are the amino acids cysteine 1 and the 
disulfide cystine 2 derived from two cysteine molecules (Scheme 1). Due to the 
ease with which cysteine can be oxidized to cystine or cystine be reduced to 
cysteine under biological conditions, the cysteine/cystine pair forms a biological 
redox-system and plays an important structural role in proteins. Breaking and 
reforming the disulfide bond of cystine in human hair is the chemical basis of the 
permanent wave. 
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Scheme 1: Cysteine 1 and cystine 2 
 
Further sulphur-containing biomolecues are methionine 3 and the peptide 
glutathione 4. Glutathione is a tripeptide which contains one cysteine and acts as 
an antioxidant that protects cells from reactive oxygen species by reducing them 
and being itself oxidized to the disulfide. 
 
O
NH2
HO
O
SH
H
N
OH
O
O
N
H
H2N OH
O
S3 4
 
 
Figure 1: Methionine 3 and glutathione 4 
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Further important sulfur-containing biomolecules are biotin (vitamin H) 5, lipoic 
acid 6 and coenzyme A 7. Biotin takes part in various biochemical process, e.g. in 
the citric acid cycle and in the transfer of carbon dioxide. Lipoic acid is a co-
enzyme in some enzymatic reactions. Coenzyme A is a larger molecule whose 
active part is a primary thiol which is used to activate alkanoic acids as their thiol-
esters. 
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Figure 2: Biotin 5, lipoic acid 6 and coenzyme A 7 
 
Sulfonamides and penicillins are important sulfur-containing antibiotics. Figure 3 
shows Prontosil 8, the first commercially available antibiotic. The antibacterial 
properties of sulfonamides are due to the sulfonamide group –SO2NH2. Later, the 
sulfonamides were largely replaced by penicillin antibiotics 9. The reactivity of the 
penicillins is due to the beta-lactam moiety and not to the sulfur atom. 
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Figure 3: Sulfur-containing antibiotics 
 
Lower aliphatic and olefinic mono to tetrasulfides and their S-oxides (Scheme 2) 
are responsible for the flavour and physiological activity of plants like garlic, onion 
and leek. 1 These substances are the products of enzymatic transformation of 
precursors after the intact plant is damaged. 2 Alliin 10 occurs in fresh garlic, when 
tissue damage occurs, it is converted to allicin 12 by the enzyme alliinase, the 
unstable sulfenic acid 11 is an intermediate. The lacrymatory factor in onions has 
been identified as syn-propanethial-S-oxide 13. 
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Scheme 2: Sulfur compounds in garlic and onion 
 
Many reactions and reagents containing sulfur are known (Figure 4): tosylates 14 
and mesylates 15 as leaving groups, the Ramberg-Bäcklund and Julia–Lythgoe 
olefination reaction, desulfurisation of thiiranes, Eschenmoser sulfide contraction, 
certain radical reactions, reactions of sulfur ylides (trimethylsulfonium iodide 16 as 
methylene transfer reagent for preparation of oxiranes, trimethylsulfoxonium iodide 
17 as methylene transfer reagent for preparation of cyclopropanes and oxetanes), 
chiral sulfoxides, reactions of sulfones, DMSO as an oxidizing reagent in the 
 13
Swern reaction and related reactions, the Pummerer reaction, and umpolung of 
carbonyl compounds as dithioketals. 
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Figure 4: Sulfur containing reagents used in organic chemistry 
 
Sulfur has, unlike oxygen, a rich redox-chemistry and is encountered in all 
oxidation states from -2 to +6 (of which the even-numbered are more important):  
-2 (in H2S), ±0 (polysulfides, sulfoxides), +2 (sulfones), +4 (SO2, sulfonic acids), 
and +6 (SO3). Sulfur compounds can be reducing or oxidizing reagents, and they 
can be electrophiles or nucleophiles. 
 
Due to the extensive nature of sulfur chemistry, this introduction will focus on the 
chemistry of low valent organosulfur compounds, particularly the naturally occuring 
polysulfides. 
 
1.2 Trisulfides in Nature 
 
Disulfides are common in Nature (section 1.1) as disulfide bridges in proteins and 
as part of their redox-pairs with their corresponding dithiols. 
 
Trisulfides however are much less common in nature than disulfides, but several 
cyclic and acyclic trisulfides (Figure 5) have been isolated from a number of 
organisms and show biological activity. Some artificial trisulfides are of commercial 
interest.  
 
Sporidesmin E 18 3 is one representative of the epithiodioxopiperazines. 
 
 14
Lenthionine 19 4 is the odoriferous principle of the shiitake mushroom Lentinus 
edodes and shows antibiotic activity. Lenthionine is accompanied by minor 
amounts of related compounds like 1,2,3,5-tetrathiane 20. 
 
Bis(2-hydroxyethyl) trisulfide 21 was separated from Bacillus stearothermophilus 
UK563 and shows cytotoxic, antitumor and immunostimulant activity. 5 
 
Trisulfide 22 has been isolated from the tropical plant Petiveria alliacea and shows 
insecticidal and antimicrobial activity. 5 
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Figure 5: Trisulfides found as natural products or have industrial importance 
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Artificial Bis(N,N-disubstituted amino) trisulfides 23 have been used as a 
crosslinking and accelerating agent in polymerization reactions in the rubber 
industry as well as in pesticides. 6 
 
Calicheamicin 24 7 was isolated from a bacterium that grow on rocks and uses the 
facile nucleophilic cleavage of the trisulfide bond as trigger to induce the 
Bergmann-cyclisation 8 of the enediyne. The resulting diradical can cleave double 
stranded DNA. 
 
Both enantiomers of trithiane 25 have been isolated; one from ascidian Aplidium 
sp. D., 9 and the other from ascidian Hypsistozoa fasmeriana. 10 They both exhibit 
a wide range of biological acitvity. 
 
Some higher acyclic and cyclic polysulfides occur in nature or are easily 
accessible synthetically. Varacin 26 11 deserves particular mention. Its 
pentathiepin ring has a high barrier of inversion, which imparts axial chirality to the 
molecule. 12 Hexathiocanes 27 form with surprising ease from acetophenones, 
sulfur and amines. 13 Benzoannelated cyclic polysulfides (28, n = 1 - 4) are stable 
and easily interconvertible and have been used as sulfur-transfer-reagents. 14 
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Figure 6: Higher cyclic polysulfides 
 
1.3 The target molecule 
 
The title compound of this thesis, trithiocane 29 was isolated in 2002 from the 
atlantic tunicate Perophora viridis and it was characterized by spectroscopic 
methods. 15 The title of this article 15 “Eight-Membered Cyclic 1,2,3-Trithiocane 
Derivatives from Perophora viridis, an Atlantic Tunicate” is a pleonasm, as a 
 16
trithiocane is an eight-membered cycle with three sulfur atoms. Perophora viridis 
was collected on the Atlantic coast of the USA (Cape Hatteras, NC), extracted with 
organic solvents and the extract was subjected to chromatography on Sephadex 
LH-20 and semipreparative RP-HPLC. The yield was 0.00114%, a total of 5.7mg 
was isolated. The compound shows modest activity against different 
microorganisms and gives positive results in the brine shrimp toxicity assay and 
the sea urchin test. 
 
S
SS
HO COOH 29  
 
Figure 7: Trithiocane isolated from Perophora viridis 
 
The structure of 29 was elucidated by UV, IR, MS and NMR spectroscopy. A 
series of NMR-experiments, including determination of the absolute configuration 
of the secondary alcohol by a modified Mosher method, led to the structure shown 
in Figure 7. To date this is the only 1,2,3-trithiocane known (apart from a closely 
related structure mentioned in the same paper). The aim of this work is to develop 
methods for the synthesis of the title compound, paying special attention to the 
sulfur-chemistry involved. 
 
1.4 Retrosynthesis of target molecule 
 
The proposed retrosynthesis of the target molecule is shown in Scheme 3. 
Functional groups will be suitably protected where necessary. The trisulfide as the 
most reactive part of the molecule will be made in the last step. Its precursor is the 
dithiol 30 or the corresponding disulfide. The E-acrylic acid in 30 can be made by a 
Wittig reaction with a stabilized ylide which should give E-selectivity. Formation of 
a chiral tertiary thiol is a key step, and it was planned to do this by 
diastereoselective Michael addition (see section 2.3.9). The formation of a 
trisubstituted acrylic acid 32 will be achieved by aldol condensation. This leads to 
ketone 34 (which could be made from metallated isoprene 38 and propylene oxide 
 17
37), and lactone 33 which can be made from butenolide 35 and cuprate 36. 
Unfortunately, the secondary alcohol has to be in the incorrect stereochemistry in 
order to introduce the correct stereochemistry of the methyl group, therefore a 
Mitsunobu inversion will be required in a later stage. 
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Scheme 3: Retrosynthesis of trithiocane 29 
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2 Results and discussion 
 
2.1.1 Preparation of trisulfides from disulfides via thiolsulfinates 
 
Although it was to be the last step in the proposed synthesis, the formation of the 
labile trisulfide is a key part of this research. Work to develop reliable and mild 
methods of trisulfide formation are therefore discussed next. Capozzi et al. 
discovered the formation of trisulfides 41 from thiolsulfinates 39 and HMDST 40. 16 
This reaction gives high yields under mild reaction conditions. Both reagent and 
by-product HMDSO 42 are volatile, therefore workup consists only of vacuum-
evaporation and purification. A possible reaction mechanism is given by the 
authors (Scheme 4). The reaction involves transfer of a trimethylsilyl group from 
sulfur to oxygen with concomitant formation of a sulfur-sulfur bond, and cleavage 
of the S(=O)-S bond. Loss of HMDSO 42 then drives formation of the final S-S 
bond generating the trisulfide. The thiolsulfinate can easily be prepared from 
disulfides by oxidation with DMDO or peroxides. If DMDO is used, the only by-
product is acetone. 
 
O
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S SiMe3
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S SiMe3
R-S3-R + Me3Si-O-SiMe3
39
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41 42
 
Scheme 4: Formation of trisulfides from thiolsufinates and HMDST 16 
 
We therefore considered this reaction for chain enlargement of disulfides to 
trisulfides via thiolsulfinates as it consists of two mild, high yielding reactions with 
very simple work-up, whereas other methods require additional reagents and 
subsequent separation of product from by-product.  
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2.1.2 Symmetrical trisulfides from thiolsulfinates 
 
The reaction conditions reported in the literature consist of heating the 
thiolsulfinate and HMDST in CHCl3 at 60°C over night. 16 In our hands, the 
reaction did not work for R = benzyl (decomposition of starting material) and R = 
tert-butyl (starting material recovered). Therefore, the influence of the solvent on 
the reaction rate was investigated for R = methyl. 
 
R
S
S
R
OO
R
S
S
R
O
S
SiMe3Me3Si+
O
SiMe3Me3Si-
R
S
S
S
R
solvent, temp., time
~quant. NMR
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39
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Scheme 5: Formation of trisulfides from disulfides via thiolsulfinates 
 
The reaction was found to be faster in polar solvents. Rates of reaction (time until 
disappearance of starting material by NMR spectroscopy): 
 
Et2O < CH2Cl2 ~ CDCl3 < MeOH < CH3NO2 < CH3CN < DMSO-d6 ~ DMF 
                         12h 60°C                                1h 30°C            20min r.t.    
 
However, in DMSO and DMF the trisulfide rapidly disproportionates (di- and 
tetrasulfide were detected by 1H-NMR spectroscopy). Signals for the di- and 
tetrasulfide were clearly separated from that of the trisulfide in the 1H-NMR 
spectrum (Me2S2 δ=2.41; Me2S3 δ=2.55; Me2S4 δ=2.64 in CDCl3). Therefore, 
CH3CN was chosen as the solvent for further experiments. The reaction does not 
go to completion if only one equivalent of HMDST is used, therefore two 
equivalents were used for all subsequent reactions. 
 
Table 1 shows results for oxidation of symmetrical disulfides and formation of 
trisulfide for a range of substituents. The formation of trisulfide was conducted in 
CH3CN at r.t. with 2 eq. of HMDST. Time until disappearance of starting material in 
1H-NMR spectroscopy is given. Yields of trisulfide (with minor amount of di- and 
 20
tetrasulfide) were usually quantitative by NMR spectroscopy, however losses 
occurred during isolation and purification. 
 
Table 1: Preparation of thiolsufinates and trisulfides as shown in Scheme 5 in 
CH3CN 
 
Substituent Oxidant Yield of 39 Time Yield of 41 
Me mCPBA 56% isol. 1h (quant. NMR) 
nBu DMDO 67% isol. 4h 73% (col.) 
iPr DMDO (quant. NMR) 24h 68% 
tBu DMDO 93% (NMR-integr.)  no reaction 
allyl DMDO 28% isol. 30min 55% isol. 
dimethylallyl DMDO 31% isol. - - 
benzyl mCPBA 24% isol 1h (quant. NMR) 
 
Diallyl disulfide 46 17 and diallyl trisulfide 47 18 were prepared by known 
procedures (Scheme 6) as reference compounds. 
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Scheme 6: Preparation of diallyl disulfide 46 and diallyl trisulfide 47 
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2.1.3 Unsymmetrical thiolsulfinates 
 
To investigate the oxidation of unsymmetrical trisulfides, n-butyl tert-butyl disulfide 
52 was prepared via the S-alkylthiothiuronium salt 51. 19 (Scheme 7) 
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S
S NH2
NH2
Cl
S
S
+
aq. H2O2, MeOH,
aq. HCl, 0°C
nBuSH, 
aq. NaHCO3
49 50
51 52
 
 
Scheme 7: Preparation of nBu-S2-tBu 52 
 
Oxidation of 52 gave a mixture of two substances 53 and 54, which could be 
separated by chromatography (Scheme 8). Surprisingly, neither change of 
temperature, solvent or oxidant changed the ratio of 53 to 54 significantly (Table 2, 
estimated from NMR-integration). It even seems that the more hindered S-oxide 
54 is the favoured product at lower temperatures. This is in agreement with results 
reported in the literature for similar substrates. 20 
 
Table 2: Ratio of 53:54 under various reaction conditions 
 
solvent oxidant temperature ratio 53:54 
acetone DMDO 0°C ~ 1:1.5 
-100°C ~1:2 
DCM mCPBA 0°C ~2:1 
-78°C ~1:2 
 
Product 53 is less polar than 54. In the literature 21 it is reported that for a range of 
thiolsulfinates, the isomers with the sulfinyl sulfur attached to the smaller alkyl 
group move faster on GC (10% silicone rubber UCW98 on 80-100 mesh 
Chromosorb W). 
 22
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Scheme 8: Reaction of unsymmetrical thiolsulfinates with HMDST 
 
Reaction of the less hindered S-oxide 53 with HMDST proceeded faster and gave 
55 after 2h at r.t., a product which disproportionated after prolonged storage at r.t. 
On the other hand, reaction of the hindered S-oxide 54 was slow and gave a 
mixture of products, whose NMR spectrum was virtually identical to that obtained 
from 53 after prolonged storage at r.t. All possible symmetrical di, tri and 
tetrasulfides formed during disproportionation. No unsymmetrical tetrasulfide could 
be detected, due to lack of reference material. The structures of 53 and 54 were 
assigned by comparison of their NMR spectra with those of tBu-S(O)-S-tBu 64, 
tBu2S2 57, Bn-S(O)-S-tBu 65 and Bn-S-S(O)-tBu 66 (Figure 8). 21 However, NMR-
spectra of tBu-S(O)-S-Me 68, tBu-S-S(O)-Me 67, tBu-S(O)-S-Et 70, and tBu-S-
 23
S(O)-Et 69 indicate otherwise. 20 We assume that this is a mistake, although no 
erratum or correction in subsequent literature was found. 
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Figure 8: Assignment of structure of 53 and 54 based on chemical shift of tBu-
group (65 and 66 from 21, 67-70 from 20) 
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2.1.4 Synthesis of cyclic thiolsulfinates 71, 72 and 73 
 
The cyclic thiolsulfinates in Figure 9 were prepared by oxidation of the 
corresponding disulfides with DMDO. We were unable to separate the isomers of 
72 and 73. Upon reaction with HMDST, complex mixtures were formed and clean 
products could not be isolated. Further research will be necessary to prepare pure 
cyclic thiolsulfinates (where isomers exist) and to identify reaction products.  
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Figure 9: Cyclic thiolsulfinates 
 
2.1.5 Mechanism of the reaction of thiolsufinates with HMDST 
 
The mechanism proposed by Capozzi et al. 16 includes only non-polar 
intermediates (Scheme 4, p 18). The increased rate of reaction in polar solvents, 
however, suggests a different mechanism involving polar intermediates. We also 
found that TBAF or nBu4NOH increased the rate of the reaction, probably because 
the fluoride or hydroxide ion act as catalyst. Based on a catalytic cycle for the 
conversion of aldehydes to selenoaldehydes with TMS-Se-TMS, 22 we propose the 
mechanism shown in Scheme 9. It involves formation of silanethiolate 76, which 
attacks the S of the S=O bond nucleophilically at the sulfur, forming an 
intermediate 77, which reacts further forming a S-S-double-bond and a Si-O-bond 
(similar to the Peterson- or Wittig-olefination). The thio-thiolsulfinate 79 is unstable 
due to the S-S-double-bond and can rearrange to the trisulfide 41, decompose to 
disulfide 43 and sulfur or undergo an allylic rearrangement for allylic substituents.  
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Scheme 9: Proposed ionic mechanism with catalysis by a nucleophile 
 
The deoxygenation of sulfoxides 80 with phosphorus pentasulfide via thio-
sulfoxides 81 23 and the rearrangement of allylic sulfoxides 83 with boron sulfide 24 
have been reported (Scheme 10). These reactions support the proposition that a 
sulfur-oxygen exchange between HMDST and the thiolsulfinate can take place. 
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Scheme 10: Desulfuration and allylic rearrangement of thio-sulfoxides 23, 24 
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We hoped to be able to trap the S-thio-thiolsulfinate 88 after an allylic 
rearrangement, so we synthesised 86 and 87 (Scheme 11). Due to problems with 
decomposition of 87 during purification, we postponed further experiments. These 
would entail preparation of some of the possible symmetrical and unsymmetrical 
primary and tertiary di- and trisulfides for comparison. The intermediate 88 can 
form the symmetrical di-primary trisulfide 90 (path a), the unsymmetrical trisulfide 
89 (path b, via allylic rearrangement), the rearranged thio-thiolsulfinate 91 (path c) 
and the symmetrical di-tertiary trisulfide 92 (path d from 91) or simply lose sulfur to 
form 86. Therefore, use of deuterium-labelled diallyl disulfide seemed to be a far 
better choice for the proof of allylic rearrangement. However, we did not undertake 
further experiments to prove the intermediacy of thio-thiolsulfinates. 
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Scheme 11: Proposed mechanism via the intermediacy of thiothiolsulfinate by 
allylic rearrangement 
 
2.1.6 Catalysis by nucleophiles or decreased steric hindrance of sulfur-
transfer reagent 
 
Addition of catalytic amounts of TBAF or nBu4NOH gave increased rates of 
reaction, supporting a polar mechanism involving a nucleophile as catalyst. 
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Without catalyst, the reaction of 93 to 94 took 24h to go to completion, with 1 mol-
% of catalyst, complete conversion was observed after 10 min.  
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Scheme 12: Nucleophilic catalysis 
 
The preparation of HMDST 40 is shown in Scheme 13. 25 A reactive form of Na2S 
is formed from sodium and sulfur in THF with a catalytic amount of naphthalene to 
form sodium naphthalenide. This reacts with TMSCl to form the product. As the 
reaction is sensitive to steric hindrance of the substrate, we attempted to decrease 
the size of the reagent and substituted TMSCl by dimethylchlorosilane to prepare 
1,1,2,2-tetramethyldisilathiane TMDST 95. 26 However, the yield was unexpectedly 
low and isolation was only possible as a solution in THF. This solution instead of 
HMDST gave similar rates of reaction. 
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Scheme 13: Preparation of HMDST 40 25, 26 and TMDST 93 
 
2.1.7 Reaction of other compounds with sulfur-oxygen bonds with HMDST 
 
Several other compounds were treated with HMDST to explore the scope of the 
reaction (Scheme 14). Dimethyl sulfoxide 96 gave dimethylsulfide 97 and sulfur, 
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diethylsulfite 98 did not react at all (even after heating and addition of TBAF), and 
di-tert-butyl dithiosulfite 99 (prepared as described in the next section) yielded di-
tert-butyl tetrasulfide 98 in high yield and purity. 
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Scheme 14: Reactions of 96, 99 and 99 with HMDST 
 
2.1.8 Trisulfides from dithiosulfites 
 
The reaction of SOCl2 with a thiol in the presence of a base yields dithiosulfites 
100 (Scheme 15), which are unstable at r.t. if R = primary alkyl and stable for R = 
tBu, aryl. 27 Thermal decomposition leads to an equimolar mixture of di- and 
trisulfides along with SO2. When tBuSH was reacted with one equivalent SOCl2 
first and nBuSH was added second, the unsymmetrical dithiosulfite 102 could be 
prepared via 101. 
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Scheme 15: Formation and decomposition of dithiosulfites 
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SOCl2 is a cheap and readily available S2+-synthon, whereas SCl2 is unstable and 
has to be prepared freshly from S2Cl2 (commercially available and cheap) and Cl2. 
Therefore, we were interested to investigate how dithiosulfites can be 
deoxygenated to form trisulfides.  
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Scheme 16: Deoxygenation of dithiosulfites 103 28, 29 
 
A literature search revealed that substituted 1,2,3-benzotrithiole 2-oxides 103 have 
been deoxygenated to 1,2,3-benzotrithioles 104 by reduction with SmI2 (26% 
yield) 28 or NaI/aq. HClO4 (95% yield)(Scheme 16). 29 We therefore applied this 
reaction to aliphatic substrates (Scheme 17, Table 3) and found that it works 
equally well. 70% perchloric acid was replaced by 32% hydrochloric acid and 
finally by 57% aq. HI (obviating the need to add NaI).  
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Scheme 17: Formation of trisulfides 107 from dithiosulfites 105 
 
The reaction is even suitable for the preparation of unsymmetrical dithiosulfites 
and trisulfides (tBu first substituent, entry 5). Surprisingly, nBuSH forms a mixture 
of di-, tri- and tetrasulfide, whereas tBuSH forms almost exclusively trisulfide. 
Finally, the whole reaction was carried out in one pot (entry 2, 3). 
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Table 3: Preparation of dithiosulfites 105 and their conversion to trisulfides 107 
 
Entry R R’ Yield of 105, 
acid used 
R-S2-R’ 
106 
R-S3-R’ 
107 
R-S4-R’ 
108 
1 nBu nBu 94%, NaI + HCl 36 41 22 
2 nBu nBu not isolated, HI 42 33 24 
3 nBu nBu not isol., NaI +HCl 36 41 21 
4 tBu tBu 88% 6 84 3 
5 tBu nBu 78% symm. + unsymm. di to tetrasulfides
6 -(CH2)3- polymer insoluble - - - 
 
2.1.9 Conclusions from trisulfide investigations 
 
Formation of trisulfides via thiolsulfinates or dithiosulfites avoids the preparation of 
SCl2, which is not commercially available and unstable. The formation of linear 
trisulfides from linear thiolsulfinates proceeds with good yields and only minor 
amounts of di- and tetrasulfides formed. Application of both methods for cyclic 
substrates has however failed so far. 
 
2.2 Double alkylation of 1,3-dithiacyloalkane-S-oxides 
 
2.2.1 Synthesis of chiral tertiary thiols by double alkylation of 1,3-
dithiacyloalkane-S-oxides 
 
A very short and efficient synthesis of lipoic acid 6 starts with the 1,3-dithiane 110 
derived from (-)-menthone 109 30 (Scheme 18). This is regio- and stereoselectively 
oxidized to the S-oxide 111, which can be alkylated after deprotonation to give 
112. Acidic hydrolysis, which assumedly gives the 3-mercaptosulfinic acid 113 as 
an intermediate, yields the 3-substituted 1,2-dithiolane 6 (lipoic acid) in high yield 
and optical purity. 
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Scheme 18: Lipoic acid synthesis by diastereoselective alkylation of sulfoxide 30 
 
We considered that it should be possible to alkylate  the enantiomerically pure 
sulfoxide 115 twice, giving a chiral 3,3-disubstituted 1,2-dithiocycle 118 after acidic 
cleavage. This approach is shown in general in Scheme 19. By changing the 
sequence of introduction of substituents, both enantiomers should be obtainable 
from the same chiral auxiliary. A series of experiments was therefore carried out to 
test if this was a viable approach to generate chiral tertiary thiols as their cyclic 
disulfides, which in turn could be converted to the trisulfides using methodology 
already established and reported in the previous section. 
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Scheme 19: Double alkylation of sulfoxide 115 
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2.2.2 Dithioketals derived from acetone as the most simple aliphatic ketone 
 
Preliminary experiments with 2,2-dimethyl-1,3-dithiane-1-oxide 122 (Scheme 20) 
proved the viability of the double alkylation and conversion to a cyclic disulfide. 
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Scheme 20: Double alkylation of sulfoxide 122 
 
Surprisingly, monoalkylated sulfoxide 123 was isolated as a mixture of 
diastereomers (ratio ~ 3:2 by NMR spectroscopy). When the deprotonation was 
carried out using nBuLi, small amounts of impurities containing an nBu-group were 
found that were difficult to separate. This was witnessed by the presence of a 
triplet with δ=0.97 in the 1H-NMR spectrum, which did not disappear after 
purification by chromatography. In related cases, 31 it was found that using MeLi 
instead of nBuLi as a base gives higher yields and purer compounds; therefore, 
MeLi was used for later experiments. Whereas the formation of the six-membered 
cyclic dithioacetal 121 worked well, reaction of 1,4-butanedithiol under identical 
conditions to form the seven-membered dithioketal 126 produced a complex 
mixture, which deposited crystals of dimeric product 127 in 5% yield after standing 
at r.t. for 16 months. 
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Figure 10: Monomer 126 and dimer 127 
 
Single crystal X-ray crystallography proved the structure of the dimer, in CDCl3-
solution it converts to a similar compound (which could be either monomer 126 or 
linear polymer) with a half-live time of about 1 day. This conversion can easily be 
followed by 1H-NMR spectroscopy, e.g. the chemical shift of the methyl-group 
changes from δ = 1.60 in the dimer to δ = 1.63 in the compound of unknown 
structure. 
 
2.2.3 Dithioketals derived from benzophenone as the most simple aromatic 
ketone 
 
Use of benzophenone 128 as the ketone has two advantages: it has no aliphatic 
signals in the NMR spectrum and its derivatives are expected to be crystalline. 
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Scheme 21: Benzophenone-derived 1,3-dithioketals 
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Preparation of the five- and six-membered rings 129 and 130 was straightforward 
32 and gave quantitative yields of crude monomeric product. Attempted formation 
of the seven-membered ring gave complete conversion of the starting materials 
(absence of thiol and carbonyl bands in IR-spectroscopy), but polymers were 
formed and only 40% of the monomer 131 was isolated. This is a crystalline 
compound and the structure was confirmed by X-ray crystallography. 
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Scheme 22: attempted alkylation of 132 
 
Deprotonation of 2,2-diphenyl-1,3-dithian-1-oxide 132 and alkylation with BnBr did 
not give the expected product 133. A complex mixture was formed, and no pure 
substance could be isolated. 
 
2.2.4 Dithioketals derived from menthone as chiral auxiliary 
 
The dithioacetal 110 (formed from menthone and 1,3-propanedithiol) upon 
oxidation gave only the sulfoxide 111. Alkylation is diastereoselective with both 
MeI and BnBr, yielding only 134 or 135. Structures of 111, 134, and 135 were 
confirmed by X-ray-crystallography. 
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Scheme 23: Diastereoselective alkylation of 111 
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2.2.5 Introduction of second substituent  
 
Whereas the dimethylation (Scheme 20) proceeded with good yield, an attempted 
second alkylation of 123 with BnBr with methyl as first substituent did not give the 
expected product. 
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Scheme 24: Attempted benzylation of 123 unexpectedly gave rise to 136 and 137 
 
Surprisingly, 124 and 1,2-diphenylethane 137 as well as only the shown 
diastereomer 136 of the starting material were found in the product mixture. X-Ray 
crystallography of 136 showed that the oxygen is axial and the methyl equatorial. 
The only explanation is a metal-halogen exchange between MeLi and BnBr with 
subsequent methylation of deprotonated 123 by MeBr and coupling between BnBr 
and BnLi to form 1,2-diphenylethane 137. 
 
Introduction of Bn as first substituent and Me as second, however, revealed that 
only one of the Bn-diastereomers was methylated and the other diastereomer was 
recovered in pure form (Scheme 25). Neither 138 nor 139 are solid, therefore no 
assignment of stereochemistry with X-ray crystallography was possible. An 
unsuccessful attempt at introduction of Me into 122 showed that the axial H cannot 
be removed by MeLi and therefore alkylation of the axial position in 122 is not 
possible. The starting material was recovered in high yield. 
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Scheme 25: Diastereoselectivity of introduction of second substituent 
 
For 1,3-dithianes, it has been found that only the equatorial hydrogen but not the 
axial hydrogen at C-2 is removed by BuLi. 33 
 
2.2.6 Conclusion on dialkylation experiments 
 
The acetone-derived dithioacetal-S-oxide 122 forms two diastereomers upon 
deprotonation and alkylation. One of the diastereomers of 138 can be methylated, 
the other diastereomer is recovered unchanged. For 123, both diastereomers can 
be methylated. The menthone-derived dithioacetal-S-oxide forms one 
diastereomer upon alkylation, this cannot be further alkylated. 
These differences can maybe overcome by introducing TMS as first substituent in 
the equatorial position. Due to the alpha-effect, an anion derived from 
deprotonation of an equatorial hydrogen should be stabilized, allowing the 
introduction of an axial substituent with subsequent introduction of an equatorial 
substituent after desilylation. Another way would be to react the dithioketal with 
NCS to diastereoselectively introduce an alpha-chloro-atom, which can be 
replaced by organometallic reagents forming different diastereomers depending on 
the organometallic reagent. 34 These approaches could not be investigated in the 
current project and would require further work in the future. 
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2.2.7 Conversion to disulfide and carbonyl compound 
 
Various methods of acid-catalyzed conversion of dithioacetal-S-oxides to the 
parent carbonyl compound and the disulfide are reported in the literature. Some of 
these were applied to substrates synthesised by us. Stirring a biphasic mixture of 
substrate 135 in Et2O with aq. HCl 30 at r.t. or heating a solution in toluene with aq. 
HCl at 80°C o.n. gave only unreacted starting material. Heating a homogeneous 
solution of 135 or 138 in MeOH/aq. HCl 35 gave low yield and impurities we could 
not remove by chromatography (Scheme 26). 
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Scheme 26: Acid-catalysed formation of disulfide and ketone 
The dithiolane 141 derived from 138 was a racemic mixture and gave two peaks in 
chiral HPLC, whereas 140 derived from 135 gave only one peak and is therefore 
the pure S-enantiomer. 
 
Finally, it was found that use of catalytic amounts of 32% aq. HCl in CH3CN 36 
gave quantitative yields of the crude disulfide product after standing overnight at 
r.t. (Scheme 27). 
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Scheme 27: Improved yields in CH3CN/cat. aq. HCl 
 
We further found that the diastereomers of 138 (Scheme 25, 26) are cleaved at 
different rates, the ratio in the starting material was 43:57, at one point a ratio of 
93:7 was detected in the reaction mixture (by integration of the 1H-NMR-
spectrum). The diastereomer which is cleaved faster by acid is the one that cannot 
be alkylated. We were unable to determine the relative stereochemistry of the 
diastereomers. 
 
2.3 Towards the total synthesis of the Trithiocane natural product: model 
compounds 
 
We used a series of model compounds to test reactions without interference of 
other functionalities in the molecule, on substrates commercially available, or 
preparable in a few steps. Furthermore, higher symmetry, impossibility of 
formation of stereo- or diastereoisomers, and availability of spectral data and 
physical constants for some of the products simplified analysis. 
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2.3.1 Aldol condensation of lactones with methyl ketones 
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Scheme 28: Aldol addition and dehydration 
 
The directed aldol condensation of γ-butyrolactone 143 with acetone gave a good 
yield of the expected tertiary alcohol 144. The dehydration to the conjugated ene 
145, however, proved difficult. Attempted acidic, iodine-catalysed or thermal 
dehydration failed or gave only low conversions or impure product (Table 4, 
entries 1-6).  
 
Table 4: Optimization of dehydration of 144 to 145 
 
Entry Solvent Reagent Temperature Time Yield of  
145 + 146 
1 Toluene PTSA 100°C 25h no rx  
2 Dioxane 32% aq. HCl 80°C 70h prod. impure
3 AcOH 48% HBr in AcOH 40°C 8h decomp. 
4 CDCl3 TFA 50°C 24h no rx 
5 CDCl3 I2 60°C 26h 5% conv.  
6 - - 150°C 6h no rx 
7 pyridine SOCl2  1.5eq -10°C external 2h 91% (dist.) 
8 DCM + 2.5eq py SOCl2 1.5eq 0°C external 1h 98% crude 
9 DCM + 1.5eq py SOCl2 1.5eq 5-23°C internal 1h 93% (dist.) 
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2.3.2 Attempts to convert the tertiary alcohol into a leaving group or into a 
thiol 
 
To investigate if the stereochemical outcome of the proposed Michael-addition of a 
sulfur nucleophile is different from that of an SN1 or SN2-reaction with the same 
sulfur nucleophile, we attempted to convert the alcohol of 144 into a leaving group 
(Table 5). Alcohol 144 dissolved in 37% aq. HCl, but after standing at r.t. o.n. only 
starting material was recovered. Heating at 150°C in a pressure tube for 1h gave 
ring opening and decarboxylation to form 147 (Scheme 29). Finally, it was found 
that dehydration using pyridine and SOCl2 gave a high yield of the expected 
product 145 along with minor amounts of the unconjugated ene 146 (entries 7-9). 
146 was converted to 145 by the base used in the subsequent Michael-addition. 
Both 144 and 145/146 could easily be purified by vacuum-distillation and were 
obtained as light-yellow liquids. 
 
Table 5: Attempts to convert the tertiary alcohol into a leaving group 
 
Entry Solvent Temp. Reagent Time Yield 
1 37% aq. HCl r.t. HCl o.n. no rx 
2 37% aq. HCl 150°C HCl 1h 41% crude 147 
3 DCM 0°C SOCl2 15min no rx 
4 SOCl2 100°C SOCl2 1h alkenes 
5 CDCl3 60°C (COCl)2 66h ~90% 149 
6 DCM 100°C TFAA 1h 148+alkenes 
7 DCM 100°C I2, Ph3P, 
imidazole 
2h starting material 
+ 145 
8 DME 100°C Lawesson’s 
reagent 
1h starting material 
+ 145 
 
Heating 144 with TFAA in DCM yielded the desired trifluoroacetate 148 and minor 
amounts of alkenes 145 and 146 in a ratio of approximately 1:1. 
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Scheme 29: Transformation of the tertiary alcohol into a leaving group 
 
Heating the trifluoroacetate 148 in DCM at 150 °C for 1 h gave ~95% conversion 
to the alkenes in the same ratio. The three substances poorly separate on silica 
gel. Heating alcohol 144 with oxalyl chloride in CDCl3 gave high yield of the 
chloride 149 (?) with minor amounts of alkenes. Heating the alcohol with neat 
thionyl chloride or Ph3P/I2/imidazole gave only alkenes. Lawesson’s reagent is 
reported to convert alcohols directly into thiols, 37 however, in our case only 
incomplete conversion to the conjugated alkene was observed. 
 
2.3.3 Introduction of sulfur into the molecular framework: reactions with 
thiolacetic acid 
 
Thiolacetic acid has been used to introduce sulfur in the form of its thiolacetate by 
nucleophilic displacement of suitable leaving groups or by Michael-addition. In the 
literature, the transformation of 150 to 151 is reported, 38 which is quite similar to 
the desired transformation of 145 to 152 in our work (Scheme 30). 
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Scheme 30: Michael addition of thiolacetic acid 
 
However, when 145 was treated with thiolacetic acid under basic, acid or radical 
conditions, low conversion of 145 to a range of products was observed. We were 
unable to identify any of the many products. Therefore, we tried to add thiolacetic 
acid to 153 as 154 is known in the literature which simplifies identification. Only a 
low reactivity was observed. Considerable decomposition took place before all of 
the substrate had been converted. We were able to isolate product in low yield and 
with impurities that we were unable to separate. The identity was confirmed by 
comparison of the impure product to NMR data reported in the literature. 39 The 
literature compound was prepared by adding BnSH, debenzylation, and 
acetylation and not by Michael addition of AcSH. 
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Scheme 31: Michael addition of thiolacetic acid 
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2.3.4. Introduction of sulfur into the molecular framework: reactions with 
benzyl thiol 
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Scheme 32: Introduction of RSH into 145 
 
Five- and six-membered lactones can be ring-opened by nucleophiles to give the 
omega-substitued carboxylate. Initial experiments for lactone-ring-opening with 
thiolate using conditions from literature 40 gave the expected product 155 in good 
yield (table 6, entry 1 and 2). However, the reaction conditions were harsh (heating 
the neat mixture at 180°C after evaporation of the solvent) and inconvenient. As 
shown in the following entries in Table 6, the reaction worked equally well at lower 
temperature with DMF as the solvent and NaOMe as the base. 
 
Table 6: introduction of RSH into 145 
 
Entry RSH Solvent, Base Temp, time 155 156 
1 BnSH 1.2eq. Toluene, NaH 180°C, 1h 62% 10% 
2 BnSH 1.3eq. Toluene, NaH 180°C, 1h 63% 19% 
3 BnSH 1.3eq. DMF, NaOMe 100°C, 15h (similar to entry 1 and 2) 
4 BnSH 2.5eq. DMF, NaOMe 100°C, 16h 37% 56% 
5 BnSH 1.0eq. DMF, NaOMe 100°C, 17h ~ 68% ~ 17% 
6 Ph3CSH 1.0eq  DMF, NaOMe 100°C, 18h decomposition 
7 PMBSH 2.0eq. DMF, NaOMe 100°C, 19h 19% (~ 20% mix) 29% 
8 PMBSH 2.0eq. DMF, NaOMe 100°C, 15h 34% (as Me-Ester) 35% 
 
In all cases, a small amount of side-product 156 was visible in the NMR spectrum 
and could be enriched in the mother liquor by crystallization of the main product 
155. As 156 contains two sulfur atoms introduced in one step, we attempted to 
increase the ratio of 156 to 155, but even with larger amounts of thiol, mixtures of 
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both were obtained. The acids separated poorly on silica gel, but the 
corresponding methyl esters (by treating the acid mixture in Et2O with 
diazomethane, ~quant. yield) did separate. Figure 11 shows acids and methyl 
esters prepared this way. 
 
O
OR
BnS
O
OR
SBn
BnS
O
OR
PMBS
O
OR
SPMB
PMBS
155 R=H
157 R=OMe
156 R=H
158 R=OMe
159 R=H
161 R=OMe
160 R=H
162 R=OMe
 
 
Figure 11: Acids and methyl esters prepared from lactone 145 
 
To overcome the problems with the separation of the two products, we 
investigated the Michael addition of BnSH to the lactone 145 (Scheme 33) and the 
free acid 165 (Scheme 34). 
 
2.3.5 Michael addition of thiol to acrylic ester 
 
O O
163 R=Bn
164 R=PMB
O O
SR
RSH, solvent, base
temperature, time
145
 
 
Scheme 33: Michael addition of thiol to ester 
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Attempted Michael addition of benzyl thiol trying various solvents, catalysts and 
temperature gave unreacted starting material in most cases. However, we finally 
found that reaction at r.t. in acetonitrile o.n. gave high yield of pure product. 
Table 7: Michael addition of benyzl thiol to lactone 145 
 
Entry Solvent Base Temperature Time Yield 163 
1 CDCl3 Et3N cat r.t. 22h no rx 
2 55°C 21h no rx 
3 100°C 25h no rx 
4 THF NaOMe cat. r.t. 24h no rx 
5 60°C 24h no rx 
6 100°C 20h no rx 
7 BF3•Et2O  
(Lewis-acid)
r.t. 24h no rx 
8 60°C 24h no rx 
9 CH3CN K2CO3 1eq. 100°C 16h ~ 50% (NMR) 
19 100°C 2d 17% (isol.) 
11 r.t. 22h 92% (isol.) 
12 DMF NaOMe cat. 100°C 2d 28% (NMR) 
13 r.t. 21h ~ quant. (NMR) 
 
To conduct the reaction in a homogeneous phase, the Michael-addition of BnSH 
(2eq.) to 145 catalysed by DBU was tested in a range of solvents at r.t. and at  
–20°C. The conversions are shown in Table 8. 
 
Table 8: Michael addition of benyzl thiol to lactone 145 catalysed by DBU 
 
Solvent Acetone THF CDCl3 DCM DMF EtOAc MeOH Hexane Et2O 
r.t. 21h Quant. Quant. 80% n/a Quant. Quant. Quant. biphasic n/a 
-20°C 
16h 
Quant. Quant. n/a 0 n/a Quant., 
biphasic 
50% n/a Quant., 
biphasic
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2.3.6 Michael addition of benzyl thiol to 3,3-dimethyl acrylic acid 140 
 
OH
O
SH
OH
O
SBn
+
additive,
temperature,
time153 165  
 
Scheme 34: Michael-addition of benzyl thiol to acid 153 
 
As the Michael-addition is believed to proceed via the thiolate and the enolate, we 
were surprised to find literature reporting the Michael-addition in acidic medium or 
with the free acid in basic medium. Iodine-catalyzed addition of thiol to the free 
acid under solvent-free conditions 41 did not give the expected product (entries 1 
and 2). However, addition of benzyl thiol to the free acid with an excess of 
piperidine 42 worked well (entry 3). The reaction works even with less than one 
equivalent of piperidine, the reaction is however much slower. Unfortunately, when 
155 (Scheme 32, Figure 11) was treated under identical conditions, no reaction 
took place. 
 
Table 9: Michael addition of benzyl thiol to 3,3-dimethyl acrylic acid 153 
 
Entry catalyst or solvent Temp. Time Yield 165 
1 2 x 0.1eq. I2 60°C 19h  mainly starting material 
2 2 x 0.2eq. I2 60°C 19h (starting material consumed)
3 2eq. piperidine 100°C 18h quant. NMR 
4 0.5eq. piperidine 100°C 18h  75% product, 25% sm 
5 42h 82% product, 18% sm 
6 2.5eq. piperidine 110°C 18h  92% (dist.) 
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2.3.7 Introduction of S2 into 145 in one step 
 
In an alternative approach for the introduction of sulphur (Scheme 35), the 
introduction of S22- (as Na2S2 from Na2S•9H2O and S) in one step was 
investigated. This gave a low yield of 166 after a tedious work-up. The substance 
is crystalline and we were able to obtain an X-ray structure confirming the 
structure. 
 
O O Na2S•9H2O, S,
DMF, 120°C, 18h S S
OH
O
~30% crude, ~10% pure cryst.
145 166
 
 
Scheme 35: Direct formation of disulfide 166 
 
2.3.8 Extension to δ-valerolactone 
 
Attempts to use the six-membered δ-valerolactone 167 in a similar set of reactions 
instead of the five-membered γ-butyrolactone 143 were unsuccessful. We were 
unable to condense δ-valerolactone with acetone, or to perform a ring-opening 
with benzylthiol under reaction conditions that worked well for γ-butyrolactone. 
Therefore, another approach was sought. Ring opening of δ-valerolactone 167 
with NaI/CH3SiCl3 in boiling acetonitrile 43 yielded the omega-iodo acid 168. This, 
on reaction with BnSH and NaOH and subsequent treatment with CH2N2, gave the 
omega-benzylthio acid methyl ester 169. Unfortunately, the attempted aldol 
reaction with acetone to yield 170 failed. 
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OBnS OMe
OI OH
OBnS OMe
OH
NaI, CH3SiCl3,
CH3CN, 80°C
1. BnSH, aq. NaOH,
   MeOH, r.t.
2. CH2N2, Et2O, 0°C
1. LDA, THF, -78°
2. acetone
167 168
169 170  
 
Scheme 36: Extension to δ-valerolactone 
 
2.3.9 Diastereoselectivity of the Michael-addition 
 
Directed aldol addition (Scheme 37) of γ-butyrolactone 143 and ketones 31 or 171 
gave the tertiary alcohols 175 as mixtures of diastereomers in a ratio of ~3:1, 
which could easily be separated by chromatography. The derivatives of 31 were 
oils which polymerized after standing at r.t., whereas the derivatives of 171 are 
stable crystalline solids, allowing purification by crystallisation and analysis by X-
ray-crystallography. Furthermore, 31 has to be prepared (see section 3.5), 
whereas 171 is commercially available. Therefore, most of the research was 
carried out on derivatives of 171 and the yields and spectral properties of the 
derivatives of 31 are similar. 
 
O
O
O
R
O
O
OH
O31 171
172 R=buta-1,3-diene-2-yl
173 R=Ph 87%, dr 3.6:1
1. LDA, THF, -78°C
2. 31 or 171
3. aq. HCl143
 
Scheme 37: Diastereomeric tertiary alcohols and alkenes derived from methyl 
ketones 
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Each of these alcohols gave one diastereomer of the alkene (with minor amounts 
of the other alkene diastereomer and the two possible unconjugated alkenes in 
some cases, by 1H-NMR spectroscopy) upon dehydration with SOCl2/pyridine in 
DCM (see section 2.3.1). The alkene-diastereomers did not separate well on TLC. 
However all the tertiary alcohols and alkenes are crystalline, and the structures of 
174 and 176 were confirmed by single crystal X-ray-crystallography (Fig. 12). 
 
 
 
Figure 12: X-ray structures of 174 and 176 
 
This shows that the dehydration is predominantly anti. Michael-addition of benzyl 
thiol gave a different diastereomers for each conjugated alkene, at the beginning 
of the reaction the dr was better than 9:1 and dropped to 4-5:1 during the course 
of the reaction.  
 
 
 
 
 
 
 
 
   174  
 
 
 
 
 
 
 
       176  
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Scheme 38: Diastereoselectivity of dehydration and Michael-addition 
 
In related cases (section 2.5), Michael addition was found to be anti. It should 
therefore be possible to invert the stereochemistry of the alkene by Michael-
addition, oxidation to the sulfone and syn-elimination. Small amounts of both 
unconjugated enes 180 and 181 (Figure 13) were detected by 1H-NMR 
spectroscopy. By adding a catalytic amount of DBU to the solution in CDCl3, 180 is 
converted to conjugated enes within hours at r.t., however even heating at 140°C 
for 3h left some 181 unchanged. When dioxane was used as a solvent, 
considerable amounts of the other conjugated ene and both possible 
unconjugated enes were formed. Figure 13 shows the composition of the mixture 
obtained in dioxane. This is probably due to the ability of dioxane to form an 
oxonium salt with the intermediate carbocation, allowing deprotonation via less 
favourable routes. The products can easily be identified by the 1H-NMR shifts of 
the olefinic protons or the allylic methyl group. 
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45% 14%
21% 21%
176 177
180 181
δ = 1.87 (s, 3H) δ = 2.29 (t, 3H)
δ = 5.05 (s, 1H)
      5.10 (s, 1H) δ = 5.59 (t, 1H)
δ = 1.79 (s, 3H)
 
 
Figure 13: Product composition for dehydration of 176 in dioxane 
 
2.3.10 Conclusion for the introduction of sulfur 
 
Nucleophilic sulfur can attack substrate 145 at three positions: the carbonyl 
carbon, the delta-carbon and the beta-carbon of the double bond (Scheme 39). 
Attack at the carbonyl carbon leads to intermediates like 182 which can be isolated 
40, 44, 45 but we did not investigate this reaction. Under suitable reaction conditions, 
Michael-addition to the free acid or to the ester is the only reaction that takes 
place. Depending on the amount of BnSH, 155 or 157 is the main product. It would 
be interesting to show if 163 can be converted to 155. No conversion of 155 to 156 
could be achieved, with either BnSH in piperidine or with BnSH and NaOH in 
DMF. For a full understanding and optimization of yield of 155 or 156, further 
research would be necessary. 
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Scheme 39: Nucleophilicity of thiolate  
 
The results so far are somewhat inconsistent; running the reaction in Scheme 32 
(p. 44) under identical conditions gave varying yields of the three products (Table 
10). The conversion of 163 to 155 or 156 can be predicted from the fact that 
Michael-addition is reversible and requires catalytic amounts of base, whereas 
lactone-ring-opening is irreversible and requires stoichiometric amounts of base.  
 
Table 10: Compostion of the product mixture for the reaction of 145 with BnSH 
 
Yield of:  O O
SBn 
163 
HO OBn
S
 
155 
HO O
SBn
Bn
S
 
156 
combined 
yield 
First run 2% 11% 78% 91% 
Second run 20% 7% 61% 89% 
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2.4 Debenzylation 
 
2.4.1 Acidic debenzylation 
 
After the attempted oxidative deprotection of PMB-protected thiols (section 2.4.2) 
failed, we attempted to remove the PMB group under acidic conditions. 
 
MeO
S
O
O
S
OMe
S O
SH
O
O
SH
SH
MeO
S
R
H
OMe
RSH- H+
MeO
CH2
+ 2+
10eq. anisole,
TFA, 60°C 6h162
183 184
187
185
186  
 
Scheme 40: Acidic debenzylation of 162 
 
The deprotected thiol 183 is probably formed as an intermediate, but the only 
recovered product was the thiolactone 184 (impure, low yield). The added anisole 
186 served as cation-scavenger, and bis(4-methoxyphenyl)methane 187 was 
detected in the reaction mixture by 1H-NMR spectroscopy.  
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2.4.2 Reductive debenzylation 
 
OH
O
SBn
OH
O
SH
10 eq. Na, NH3,
tBuOH, EtOH,
-78°C
~quant. crude
165 188
 
 
Scheme 41: Reductive debenzylation of 165 
 
Next, debenzylation using dissolving metals was attempted. Treating the substrate 
165 with sodium-naphthalenide in THF at r.t. or with 50 eq. sodium in ethanol at 
r.t. to 110°C led to decomposition. Eventually, using sodium dissolved in ammonia 
at -78°C, followed by quenching with alcohol, led to quantitative conversion to the 
expected product 188. Small amounts of dibenzyl (30% yield) were isolated in 
some runs, which gives a hint that the mechanism of the deprotection is different 
from the Birch-reduction, i.e. the PhCH2-S-bond is broken faster than the phenyl 
ring is reduced. Reductive debenzylation of 156 or 158 and direct oxidation of the 
crude dithiol with iodine gave the expected cyclic disulfides 166 or 189 in high 
yield (Scheme 42). Surprisingly, the methyl ester in 160 was unaffected by 
sodium/ammonia. 
 
O
OR
BnS
BnS
O
OR
S
S
1. 10 eq. Na, NH3, -78°C,
2.  tBuOH, 3. MeOH
4. aq. HCl
5. aq. KI•I2
166 R = H, 85%
189 R = Me, 64%156 R = H158 R = Me  
 
Scheme 42: Debenzylation-oxidation to from a primary-tertiary substituted cyclic 
disulfide 
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When myrcene 190 (Figure 14) was subjected to identical reaction conditions, no 
starting material was recovered. This shows that a 1,3-diene reacts with sodium in 
ammonia and this method of debenzylation is therefore not suitable for preparation 
of the target compound. When calcium was used instead of sodium, 46 the reaction 
was considerably slower, but gave a similar yield. Unfortunately, myrcene reacted 
under these conditions as well. 
 
190  
 
Figure 14: Myrcene  
 
2.4.3 Reductive debenzylation and reduction of lactone 
 
Next, reductive debenzylation with concomitant reduction of lactone or ester to the 
alcohol was attempted.  
 
OHHO O O
SBn
LiAlH4
THF
OH
SBn
HONa/NH3
-78°C
163191 192
 
 
Scheme 43: Reduction of the lactone 163 
 
Surprisingly, with Na/NH3(l) a desulfurated product 191 was formed in high yield. A 
possible explanation is enolization of lactone 163, followed by retro-Michael-
addition and subsequent reduction of the conjugated enone and the ester. The 
corresponding open chain methyl ester, however, remained unchanged under 
these conditions. Reduction with LiAlH4 finally gave the expected product 192 for 
the model studies. 
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2.4.4 Oxidative debenzylation 
 
Few examples for oxidative debenzylation of benzylthioethers with concomitant 
disulfide-formation are reported in the literature: 
 
diphenylmethylthioethers, iodine in DCM, 47 
triphenylmethylthioethers, iodine in alcohol, 48,49 
para-methoxybenzylthioethers, CAN in CH3CN/water or NBS in DCM/water, 50 
triphenylmethylthioethers, thiocyanogen in AcOH 51 
 
N
H
PMBS
O N
H
S
O
S
N
H
O
a) NBS, CH2Cl, H2O,
    r.t. 2h, 66%
b) CAN, MeCN, H2O, 
    r.t. 5h, 73%
193 194
 
Scheme 44: Deprotection and disulfide formation 50 
 
Attempted deprotection and disulfide formation (Scheme 45) using literature 
conditions are shown in Table 11. However these did not give the expected 
product 189, instead complex mixtures were formed, in which the presence of 
anisaldehyde (derived from the PMB group by oxidation) could be detected by 
NMR spectroscopy. 
 
PMBS
O
OMe
PMBS S
S
OMe
O
oxidant,
solvent, 
temperature,
time
162 189  
 
Scheme 45: Oxidative debenzylation of 162 was unsuccessful 
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Table 11: attempted oxidative deprotection of 162 
 
Entry Oxidant Solvent Temperature Time 
1 Iodine CDCl3 r.t. o.n. 
2 CAN CH3CN+H2O 0°C 10min 
3 DDQ DCM wet 0°C->r.t. o.n. 
 
To investigate the deprotection of PMB-thioethers, two simple substrates 196 and 
197 were prepared from anisyl alcohol 195 and the respective thiol and subjected 
to the influence of iodine in methanol (Scheme 46). Thioether 196 gave 
quantitative crude yield of products with impurities after 1h at r.t., whereas 197 
gave only 50% conversion to product after 1h at r.t. Again the product 56 was 
accompanied by impurities. Replacing iodine by bromine improved  the reaction. 
The reaction took place within minutes at 0°C with 1 eq. of bromine. The yields are 
high and fewer impurities are formed. It was found that reaction with bromine in 
MeOH produces PMBOMe 198 and PMBBr 199 in varying amounts. By changing 
the solvent to DCM, PMBBr is the only by-product which will allow recovery of the 
protecting group. 
 
SPMB
MeO
OH
SPMB
MeO
SR
5eq I2, MeOH,
1h r.t. or
1eq. Br2, MeOH,
2min 0°C
RSH, TFA,
DCM r.t. o.n.
196 R = nBu
197 R = tBu
quant. crude
nBu2S2 + PMBOMe (+ PMBBr)
5eq I2, MeOH,
1h r.t. 50% conversion 
1eq. Br2, MeOH,
2min 0°C
tBu2S2 + PMBOMe (+ PMBBr)
196
197
56
57
198 199
195
198 199
 
 
Scheme 46: Deprotection of PMB thioethers with iodine or bromine in MeOH 
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Application of this deprotection to substrates closely related to the target 
compound was successful (Scheme 47). 
 
 
Scheme 47: Formation of disulfides from 164 and 162 
 
We assume bromine reacts with sulfide 201 to form a halosulfonium halide 202, 
which forms a sulfenyl bromide 204 and PMBBr either by direct nucleophilic 
replacement or via a quinoid oxonium ion 203. The sulfenyl bromide then reacts 
with a second molecule of PMBSR in an identical way. Evidence for this emerged 
as sulfenyl bromides react with PMBSR to form disulfides and PMBBr (see section 
2.5.3.1). 
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O
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PMBS
O
S S
O
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S
S
OMe
O
1eq. Br2, MeOH,
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162 189
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Scheme 48: Reaction mechanism of the deprotection of PMB-thioethers 
 
Unfortunately, the reaction of bromine with isoprene under these conditions is 
faster than with 201, therefore this method for debenzylation is not compatible with 
the diene in the target structure unless a suitable protecting group for the diene 
could be found. 
 
2.4.5 Debenzylation of benzylthioethers via a Pummerer reaction 
 
The product of the Michael-addition of a a thiol to a 3,3-disubstituted acrylic acid is 
a sulfide which has a tertiary and a benzylic carbon. Therefore, Pummerer reaction 
of the corresponding sulfoxide can only go in one direction and there is the 
possibility to facilitate it by using suitably substituted benzylthiols. It is reported, 
that p-nitrobenzylthiosulfones undergo the Pummerer reaction with ease. 52 
Accordingly 206 was treated with Ac2O and after 14h at 60°C complete conversion 
to what we assume to be 207 was found. Intermediate 207 is stable in 
Ac2O/AcOH, but decomposes after isolation to form 208 and benzaldehyde 
(Scheme 49). Although 208 is crystalline, we were not able to get a decent 
diffraction pattern, therefore X-ray crystallographic structure determination failed. 
However, heating 188 and benzaldehyde and a trace of acid in CDCl3 gave the 
same substance. 
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Scheme 49: Pummerer reaction of 206 
 
Pummerer reaction of sulfoxides with iodine in MeOH can give the disulfide and 
the dimethoxyketal. 53 When 206 was treated under these conditions, only the 
methyl ester 209 was formed (Scheme 50). 
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50°C
I2, MeOH
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Scheme 50: Attempted Pummerer reaction of 206 and 210 
 
The alcohol in 206 reacts faster with Ac2O to form the acetate 209 than Pummerer 
reaction takes place. The formation of methylthiomethyl ethers of alcohols from 
alcohol, DMSO and Ac2O is known. 54 
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Oxidation of 163 gave a 1:1 mixture of diastereomers 212, which could be 
separated by crystallization. All isolated sulfoxides were unstable to heat, after 
heating at 60°C during rotary evaporation, small amounts of the conjugated alkene 
were found, which probably formed via a syn-elimination of benzylsulfenic acid. 55 
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OR
O
OH
S Ph
O O
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O
aq. H2O2,
MeOH, cat. HCl
dr ~ 1:1
163 212
213 214 215
heat +
 
 
Scheme 51: Formation of diastereomeric sulfoxides 212 and elimination of sulfenic 
acid 215 
 
2.4.6 Reduction of disulfide to dithiol 
 
All dithiols prepared so far were isolated as their cyclic disulfides. This was to 
lower polarity to ease workup and to avoid isolation of mixtures of dithiol and 
disulfide formed by oxidation by air. When we tried to reduce 189 with Zn in AcOH 
we obtained a low yield of 184, the same substance obtained by acidic 
debenzylation of 162 (Scheme 40). This shows again that a free thiol is not 
compatible with an ester in the same molecule for such reductions. Therefore, acid 
166 was reduced to alcohol 216, which was subsequently protected as TBS-ether 
217. Reduction of the disulfide to the dithiol 218 proceeded in good yield, however 
partial deprotection to form 219 was observed (Scheme 52). 
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Scheme 52: Reduction of disulfides 189 and 217 to dithiols 
 
2.5 Towards the total synthesis of trithiocane 
 
It was anticipated that the the side chain of trithiocane will be derived from ketone 
34. This ketone was prepared by ring-opening of propylene oxide 221 by 
potassiated isoprene 220 (Scheme 53). The counterion of the base is crucial for 
the position of the equilibrium between protonated and unprotonated isoprene and 
diisopropylamine. 56 Oxidation of secondary alcohol 222 with PDC gave yields of 
approximately 80%. 
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Scheme 53: Preparation of ketone 34 
 
Swern oxidation gave yields close to quantitative, however the product had an 
unpleasant smell which remained after distillation and chromatography. Filtration 
over Raney-Nickel removed the smell, but partially reduced the double bonds as 
well. 
 
Unfortunately, the diene is not compatible with Na/NH3-reduction (section 2.4.2) 
which is used in a further step to remove benzyl groups. To reduce the complexity 
of the molecule and because of the incompatibility of the 1,4-diene side chain with 
Na/NH3 debenzylation or bromine, work was started to synthesise the dimethyl 
derivative, which lacks one stereogenic centre of trithiocane by using acetone 
instead of 31. 
 
TBS-protected butenolide 224 was prepared from D-mannitol by a reported 
procedure. 57 
 
O O
O
Si
O O
O
Si1. Me2CuLi•LiI,
    Et2O, -78°C,
2. additive
3. substrate in THF
4. workup224 225  
 
Scheme 54: Cuprate addition 
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Introduction of the methyl group by cuprate addition caused some difficulties. 
Using 6 eq. Me2CuLi•LiI and Et2O or THF or mixtures thereof at temperatures of 
0°C, -20°C, -78°C gave only low yield of mixtures of both diastereomers. Finally, 
using purified CuI and adding TMSCl to the cuprate 58 before addition of the 
butenolide gave high yields of pure product with only 1.5 eq. of cuprate. During 
conventional workup with aq. NH4Cl, a precipitate formed which probably occluded 
product and caused slow and incomplete separation of phases. Addition of 
aqueous ammonia resulted in two clear colourless layers which separated easily. 
 
Table 12: Optimization of cuprate-addition to butenolide 224 
 
Entry cuprate Solvent Temp. TMSCl Workup Yield 225 
1 6 eq. THF or Et2O 
or mix 
0, -20, 
-78°C 
None aq. NH4Cl <50%, both 
diastereomers 
2 3 eq. Et2O/THF 
~4/1 
-78°C 3 eq.  aq. NH4Cl 67% 
3 2 eq. 2 eq.  aq. NH4Cl 78% 
4 1.5 eq. 1.5 eq. aq. NH4Cl/NH3 98% 
 
Application of aldol condensation and dehydration (which were successfully tested 
on γ-butyrolactone) gave high yields. The dehydration lead to a mixture of 
conjugated and nonconjugated ene 228 and 227. The nonconjugated ene was 
easily converted into the conjugated by a catalytic amount of DBU. Finally, 
deprotection of the primary alcohol and conversion to the corresponding iodide 
proceeded without problems (Scheme 55). 
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Scheme 55: Synthesis of the simplified backbone 
 
Deprotection of 226 yielded 230, whose structure was ascertained by X-ray 
crystallography. 
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Scheme 56: deprotection of 226 
 
Introduction of the two sulfur atoms as benzylthioethers proceeded smoothly in a 
one-pot-reaction. The Williamson etherification (forming 231) was complete after 
about one day at r.t. (by 1H-NMR examination, the intermediate was not isolated), 
the Michael addition took nine days to ~ 98% conversion and gave one 
diastereomer 232/233. 
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Scheme 57: Introduction of a thioether from 229 
 
Reduction of 232 with BH3 in boiling THF gave the tetrahydrofuran 234 in 76% 
yield (Scheme 58). Debenzylation of 234 with Na/NH3 and oxidation with iodine 
yielded 3.3% of 235 (structure confirmed by X-ray crystallography, Figure 15, p 69) 
and 20% of another pure substance of unknown structure. 
 
O O
BnS
SBn
O
BnS
SBn
O
S S
O
O
BH3•THF, 
reflux 2d
1. Na/NH3, -78°C,
2. aq. KI•I2
3.3%232 234 235
 
 
Scheme 58: Reduction of 232 with BH3•THF 
 
Reduction of lactone 232 with LiAlH4 at r.t. in THF, did not give the expected diol, 
but stopped at the stage of the lactol 236 (Scheme 59, one diastereomer in the 1H-
NMR spectrum). After standing for some hours at r.t., another lactol formed. 
Attempts to reduce the lactol with NaBH4 in MeOH or to react it with Wittig-
reagents failed. Wittig reactions of aldofuranose derivatives with stabilized Wittig 
reagents are reported in the literature. 59 A subsequent intramolecular Michael 
addition of the secondary alcohol to the formed acrylic ester can be prevented by 
keeping the reaction mixture acidic or induced by a catalytic amount of base. 60 
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BnS
SBn
O OH
BnS
SBn
LiAlH4,
r.t, 1h
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Ph3PCHCOOCH3,
DME, cat. PhCOOH232 236
 
 
Scheme 59: Reduction of lactone to lactol 
 
Treatment of 233 with bromine in DCM gave a high yield of 237 as a crystalline 
solid (Scheme 60, structure confirmed by X-ray crystallography, Fig. 15). 
 
O
O
PMBS
SPMB S
O
O
S
Br2 in MeOH
5min 0°C
233
237  
 
Scheme 60: Deprotection of 233 with bromine to disulfide 237 
 
 
 
Figure 15: X-ray structures of 235 and 237 
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2.5.1 Benzylacetone as an unsymmetrical ketone 
 
Aldol addition of 225 and benzylacetone gave two epimeric tertiary alcohols 238, 
each of which gave one of the two diastereomeric alkenes (Scheme 61). The 
major diastereomer gave 239 after deprotection, a crystalline compound whose 
structure was ascertained by X-ray-crystallography. The other diastereomer and 
unconjugated ene were enriched in the mother-liquor from crystallisation and were 
subjected to semi-preparative HPLC, allowing isolation of 240 and 241. 
 
O O
OTBS
O O
OH
O O
OH
O O
OH
O O
OTBS
OH
1. LDA, THF, -78°C
2. BnCH2COCH3
1. separate
2. SOCl2, py, DCM
3. TBAF, THF
225 238
239
241
240  
 
Scheme 61: Regio and diastereomeric alkenes 239, 240, 241 
 
2.5.2 Attempted shortcuts 
2.5.2.1 Circumventing protection and deprotection of the primary alcohol 242 
 
The fate of the primary alcohol 242 is protection, deprotection, activation, and 
nucleophilic displacement (Schemes 54, 55, 57).  If activation and nucleophilic 
displacement to form the thioether can be performed before cuprate addition, no 
 69
protection and deprotection will be necessary. The tosylate 243 is reported to be 
stable and crystalline, whereas the corresponding iodide is liquid and unstable. 61 
It is known that these derivatives are susceptible to racemisation and elimination 
due to vinylic enolisation. 61 Reaction of the tosylate with BnSH gave 245 in 36% 
yield and 246 in 18% yield. None of the desired 244 was obtained. 
 
O O
OH
O
S
O
O
TsO
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BnSH
O
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O
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O
BnS
OTsCl,
pyridine
242 243 244
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Scheme 62: Synthesis of 243 and products of its reaction with BnSH 
 
2.5.2.2 Activation of primary and tertiary alcohol in one step 
 
The dehydration of the tertiary alcohol used SOCl2 and pyridine, a combination of 
reagents which is known to convert primary alcohols into their chlorides under 
heating. 62 When we treated iBuOH 247 (as a model for the primary alcohol in 231) 
under a range of reaction conditions (Table 13), the main product was always the 
sulfite 249 (Scheme 63). The numbers in Table 13 indicate order of addition of 
reagents into the reaction flask, e.g. entry 1: to SOBr2 in the reaction flask a 
mixture of iBuOH and pyridine was added. 
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Scheme 63: Reaction of iso-butanol 247 with thionyl halogenides 
 
Table 13: Reaction of iso-butanol with thionyl halogenides 
 
Entry iBuOH SOX2 pyridine 
1 2. 1., X=Br 2. 
2 1. 2., X=Br 1. 
3 2. 1., X=Br no pyridine 
4 1. 2., X=Cl 1. 
 
2.5.2.3 Attempted rearrangement of 229 to 255 
 
The rearrangement of 251 to 252 or 253 to 254 under the influence of (nBu3Sn)2O 
is described in the literature (Scheme 64). 63 If this reaction was applicable to 229, 
it would offer the following advantages: the secondary alcohol can easily be 
inverted by a Mitsunobu reaction, the environment of the C-C double bond is 
different which might lead to a different stereochemical outcome of the Michael 
addition, and it might be possible to introduce both sulfur atoms in one step 
(lactone ring-opening and Michael addition as for 145). Therefore, 251 was 
prepared 64 and subjected to the conditions reported in the literature. A reaction 
took place, however it was slow and considerable decomposition took place before 
all starting material had been converted and the separation of the tin compounds 
posed a problem that could not be solved. Neither distribution between 
acetonitrile/petrol, 65 washing with aqueous fluoride, 66 nor column 
chromatography achieved separation of the tin-compounds from the product. Due 
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to incomplete reaction, decomposition and problems with workup, no further 
experiments were conducted. 
 
HO O O O
I
O O
I
O O
I
O O
HO
O O
HO
O O
HO
(nBu3Sn)2O
(nBu3Sn)2O
?
KI, Oxone,
CH3CN, H2O
250 251 252
253 254
229 255
lit 61
lit 61
 
 
Scheme 64: Iodolactonisation and attempted rearrangement of 229 to 255 
 
2.5.3 Various results 
2.5.3.1 Reaction of Br2, RSBr and S2Cl2 with divalent sulfur compounds 
 
To check if an excess of bromine during the deprotection reacts with the disulfide 
formed from the PMB-protected thiol, n-butyldisulfide was treated with 1 eq. of 
bromine in DCM at r.t. (Scheme 65). Surprisingly, immediate reaction between 
disulfide and bromine took place which gave one pure product by NMR 
spectroscopy. Treating other disulfides (tBu2S2 and Bn2S2) in the same way gave 
mixtures of products. The solution of nBuSBr 256 in DCM or CDCl3 was orange-
brown in colour, but discoloured instantaneously after addition of a thiol or a PMB-
protected thiol (to form the disulfide), HMDST (to form the trisulfide) or 
cyclohexene (to form 257). The adduct of nBuSBr with cyclohexene was 
accompanied by a small amount of nBu2S2 (even though the reaction of nBu2S2 
with bromine was complete), which could not completely be separated by 
chromatography. Furthermore, a new compound formed during chromatography 
on silica gel, probably the secondary alcohol. 
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Scheme 65: Reactions of n-butylsulfenyl bromide 256 
 
Unfortunately, all these reactions gave considerable amounts of other symmetrical 
and unsymmetrical polysulfides (Table 14, except for the reaction with 
cyclohexene). 
 
Table 14: products composition of reactions of nBuSBr with sulfur nucleophiles 
 
nucleophile main product side products 
tBuSH nBu-S2-tBu 65% nBu2S2 16% tBu2S2 13% 
tBuPMB nBu2-S2-tBu 55% nBu2S2 28% nBu2S4 12% 
HMDST nBu2S3 44% nBu2S2 36% nBu2S4 17% 
 
When tBu2S4 61 was treated with 1eq. bromine, a mixture of products was formed 
(as witnessed by 1H-NMR spectroscopy). Reacting this mixture with nBuSH 
afforded a mixture of tBu-S3-nBu + nBu2S3 in low yield after chromatography 
(Scheme 66). 
 
 73
S
S
S
S
S
S
S
Br
S
S
nBuSHBr2,
DCM 25861
55  
 
Scheme 66: Reaction of tetrasulfide 61 with bromine 
 
SCl2 can be prepared from S2Cl2 and Cl2 and is an unstable liquid that is not 
commercially available. 67 We were hoping that S2Cl2 and Br2 forms SBrCl or 
mixtures of SCl2, SBr2, and SBrCl, that react with thiols to form trisulfides. 
However, an equimolar mixture of S2Cl2 and Br2 (and a grain of Al to form AlBr3 to 
catalyse the reaction between S2Cl2 and Br2) reacted with nBuSH to form an 
equimolar mixture of nBu2S2 and nBu2S4. 
 
All the reactions above were performed in DCM. We later found that Et2O is a far 
better solvent for the production of tetrasulfides from thiols and S2Cl2. In Et2O, high 
yield of pure tetrasulfides were obtained, in DCM varying amounts of higher 
polysulfides accompanied the tetrasulfide. 
 
R
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S
R2 R-SH + S2Cl2
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Scheme 67: Tetrasulfides 261 from thiols and S2Cl2 
 
2.5.3.2 Isolation of S-alkylisothiourea 245 as a free base 
 
During the preparation of PMBSH 264 via isothiuronium salt 262, 68 it was found 
that basification of the solution of the isothiuronium salt caused precipitation of 
white flakes that made stirring impossible and which dissolved after heating the 
basic reaction mixture to form the thiol. It was assumed, that this is the free base 
263 (Scheme 68). Free bases of O-alkylisourea are known, 69 however we found 
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no reports of the isolation of free bases of S-alkylisothioureas. N-Benzoyl-S-
alkylisothioureas are known as free bases. 70 Therefore, isolation and 
crystallisation was attempted. We found that both the salt and the free base are 
soluble in mixtures of acetone/water (for preparation) and in DMSO-d6 (for NMR 
spectroscopy). 
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Scheme 68: Preparation of PMBSH via the thiuronium salt 
 
The hydrochloride 262 was prepared by reaction of PMBOH and thiourea in 
MeOH/aq. HCl and isolated by crystallisation to give nice crystals, mp 162-168°C. 
This salt was dissolved in acetone/water and after addition of a small excess of aq. 
NaOH, the water is absorbed (by MgSO4, Na2CO3, Na2SO4) and the acetone 
solution is evaporated to give a quantitative yield of a white solid that forms flakes 
with a mp 96-98°C after crystallisation from MeOH. The chemical shifts in the 1H 
and 13C NMR-spectra in DMSO-d6 are very similar for the hydrochloride 262 and 
the free base 263. The salt 262 has a sharp singlet (δ.=9.37) corresponding to the 
four NH-protons, wheras the free base 263 a broad singlet for 3 protons. Salt and 
acid are interconvertible in DMSO: addition of K2CO3 to a solution of the salt gives 
the free base, addition of TFA to a solution of the base gives the salt. 
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3 Experimental 
 
3.1 General 
 
Reactions involving NaH or nBuLi were performed in oven-dried glassware (150°C 
over night) under an atmosphere of nitrogen. THF and Et2O were distilled from 
Na/Ph2CO immediately before use. Petrol, MeOH, DCM were distilled, all other 
solvents were used as received unless otherwise stated. 
 
Column chromatography was performed on silica-gel 60, TLC was performed on 
silica-gel 60, the visualizing method is quoted. If “low solubility” is quoted with the 
solvent used for elution, this means that the substance was not sufficiently soluble 
and a small quantity of a second solvent was used to transfer the substance onto 
the column or the substance had to be adsorbed on silica to transfer it onto the 
column. 
 
IR-spectra were recorded on a Perkin Elmer Paragon 1000 FT-IR Spectrometer or 
on a PerkinElmer Spectrum 65 FT-IR Spectrometer, liquids neat between two 
NaCl-plates, solids as Nujol-mull or as KBr disc and wavenumbers are reported in 
cm-1. 
 
Melting points were measured on a Stuart Scientific Melting Point apparatus SMP3 
using melting-point capillaries. 
 
GCMS was performed on a Fisons 8060 with a DB5MS column of 30m length and 
splitless injection. The temperature program was 5min at 50°C, ramping to 250°C 
over 10min, and 250°C for 10min. The headspace temperature was 250°C, the 
interface temperature 250°C, and the source temperature 200°C. The mass 
spectroscopy was EI+ with 70eV, 1 full scan per second 50-500 m/z. 
 
HRMS was performed on a Thermo Scientific Orbitrap Exactive with Advion 
Triversa Nanomate or by the EPSRC National Mass Spectrosmetry Service 
Centre in Swansea. 
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EtOH 95% contains 5% H2O, 35% H2O2 is aqueous, washing means saturated 
(r.t.) aqueous solution of the named salt (brine = NaCl). Not optimized means that 
reaction conditions, workup or purification can be improved or avoidable losses of 
material occurred. 
 
1H and 13C NMR spectra were recorded on a Bruker DPX 400MHz instrument 
using CDCl3 as solvent and TMS as standard unless otherwise stated. Chemical 
shifts are reported as δH or δC in ppm relative to TMS, and coupling constants J in 
hertz. If two peaks appear close together in 13C-NMR, they are quoted with 2 
digits. Chemical shift assignments were assisted by COSY, DEPT, HMBC and 
HMQC analysis. If no assignment is given it is either obvious or it could not be 
assigned with certainty. NMR spectra in solvents other than CDCl3 were performed 
as No-D-NMRs 71: substance was dissolved in a non-deuterated solvent and an 
ampoule with C6D6 or acetone-d6 or DMSO-d6 + TMS was added and the 
spectrum recorded as usual. 
 
Chiral HPLC was performed on a Eurocel 01, 5µm column 250 x 4.6mm with 
precolumn. Detection was with UV absorption. 
 
Elemental Analyses were only possible for C,H,N; S + O were calculated by 
difference to 100%. 
 
“Sep, extr, dry, rotavap” is short for separation of phases, extraction of aqueous 
phase with organic solvent, drying of organic phases with MgSO4, filtration and 
removal of solvent by rotary evaporation. 
 
3.2 Syntheses 
 
44 Preparation of a solution of DMDO in acetone 72 
 
O OOOxone, NaHCO3,
acetone/water
C3H6O2
Mol. Wt.: 74.08
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A 1l-rbf was charged with a strong magnetic stirrer, NaHCO3 (45 g), acetone (150 
ml) and ice-cold water (175 ml). This mixture was stirred and Oxone (91 g, assay 
83% by titration) was added through a dropping funnel with a Teflon-stopcock with 
a 4mm bore (the Oxone is a free-flowing fine crystalline powder which passes 
through the bore like a liquid, this takes some minutes). Slight evolution of gas 
occurred during the addition, no change in temperature was observed. Condenser 
and receiver were cooled with CO2/acetone and the setup was evacuated to about 
120 mbar. The mixture foamed and acetone/DMDO condensed. Over 20 min, the 
pressure was reduced to 50mbar to keep a steady condensation. After about 30 
min, about 100 ml condensate had formed and vacuum was switched off. The 
yellow distillate was dried with MgSO4 and filtered to give a clear yellow filtrate (71 
g, 90 ml) containing DMDO (6.9 mmol, 2.8%, based on Oxone). Despite drying 
with and filtration over MgSO4, all reactions upon evaporation were biphasic 
(organic product and water). The solution could be stored unchanged for months 
at -20°C, but some white precipitate formed. Analysis was done by mixing 0.3 ml 
of solution with 0.3 ml CDCl3 and comparing the integrals of acetone and DMDO. 
 
1H: 1.70 (s, DMDO), 2.17 (s, acetone). 
 
40 Hexamethyldisilathiane HMDST 25 
 
Na2S
S
SiMe3Me3Si2Na + S
THF, cat. 
naphthalene
refl 14h
2TMSCl,
-2NaCl C6H18SSi2
Mol. Wt.: 178.44  
 
In 250 ml Schlenk flask with dry THF (130 ml) was added sodium (9.40 g, 409 
mmol, slices about 1 mm thick), naphthalene (1.99 g, 16 mmol), and sulfur (6.42 g, 
200 mmol, powder, -100mesh). This mixture was refluxed for about 10 h, after 
which no sodium remained and the mixture had turned into a grey suspension. 
This was cooled to 0°C and TMSCl (60 ml) was added over 10 min. No visible 
change occurred, the mixture was stirred over night at r.t. THF was evaporated at 
atmospheric pressure, then mineral oil (50 ml, protective liquid from sodium) was 
added and the mixture was distilled at 150 mbar (the bp at this pressure was about 
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110°C). Product (28.2 g, 79%) was obtained as a clear slightly yellow liquid, 
moisture-sensitive and horrible smelling. 
 
1H: 0.31 (s). 
 
95 1,1,3,3-Tetramethyldisilathiane 26 
 
H
Si
Cl S
SiSi
H H+Na2S, 
-2NaCl
2
C4H14SSi2
Mol. Wt.: 150.39
 
 
Was prepared as HMDST using chlorodimethylsilane instead of TMSCl. Product 
(17% yield) was obtained after 3 fractional distillations as a solution in THF; 
starting material  and tetramethyldisiloxane were detected in other fractions. 
 
1H: 0.42 (d, 12H, J=3.6 Hz, CH3), 4.65-4.72 (m, 2H, SiH). 
IR: (signals other than THF): 2132 (str), 1251, 899, 834, 660. 
 
39 S-Methyl methanesulfinothioate 
 
S
S S S
OmCPBA, 
DCM, 0°C
C2H6OS2
Mol. Wt.: 110.20
 
 
A solution of dimethyl disulfide (2.47 g, 26.2 mmol) in DCM (20 ml) was stirred at 
0°C with a strong magnetic stirrer. mCPBA (6.49 g, 26.3 mmol, 70%, balance 
mCBA and water) was added over 10 min. After some minutes, white solid 
separated and made stirring difficult. 10 min after completion of the addition, the 
organic layer was filtered through MgSO4. The filtrate had the following product 
composition (mole-fraction from NMR-integration): Me-SO-S-Me 0.80, Me-SO2-S-
Me 0.07, Me-S-S-Me 0.13. The solution was evaporated to dryness, when a white 
solid (mCBA) separated. Kugelrohr-distillation (100°C oven-temperature, 4 mbar) 
yielded crude product (2.14 g), which was subjected to chromatography with DCM 
to give pure product (1.63 g, 56%). Not optimized. 
 
Rf (DCM) Me-SO-S-Me 0.36; Me-SO2-S-Me 0.52; Me-S-S-Me ~front. 
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1H: Me-SO-S-Me 2.68 (s, 3H), 3.00 (s. 3H); Me-SO2-S-Me 2.72 (s, 3H), 3.33 (s, 
3H); Me-S-S-Me 2.43 (s, 6H). 
IR: Me-SO-S-Me 2996, 2918, 1419, 1317, 1304, 1134, 1076 (str), 938, 747, 675; 
Me-SO2-S-Me 3027, 3008, 2927, 1428, 1409, 1302 (str), 1128 (str), 957, 745, 559. 
 
General procedure for reaction of thiolsulfinates with HMDST 
 
R
S
S
R'
O
S
SiMe3Me3Si R
S
S
S
R'
O
SiMe3Me3Si
solvent,
temp.
+ +
 
Substrate (0.20 mmol) was dissolved in solvent (0.5 g) in an NMR-tube. HMDST 
(0.30-0.40 mmol) was added, the tube was kept at the desired temperature and 
the course of the reaction was followed by 1H-NMR spectroscopy. After 
disappearance of the starting material, the mixture was evaporated and the 
residue subjected to purification by chromatography. 
 
41 1,3-Dimethyltrisulfane 
 
S
S
S C2H6S3
Mol. Wt.: 126.27 
 
1H: 2.50 (s). 
13C: 20.6 (CH3). 
 
Retention times for polysulfides on GC-MS 
 
R1 R2 Disulfide Trisulfide tetrasulfide 
nBu 14.2min 16.8min 17.0min 
nBu tBu 12.5min 15.2min  
tBu 11.0min 14.0min 17.4min 
dimethylallyl 16.4min 19.3min  
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39 S-Butyl butane-1-sulfinothioate 
 
nBu
S
S
nBu
Bu
S
S
Bu
O
C8H18OS2
Mol. Wt.: 194.36
DMDO, acetone
0°C
 
Dibutyl disulfide (182 mg, 1.02 mmol) was dissolved in acetone (2 ml) and stirred 
at 0°C. DMDO (1.2 mmol, 15 ml 0.077 M in acetone) was added at once and the 
mixture was stirred for 15 min at 0°C. Evaporation of solvent gave two liquid 
phases (product + water). Dissolution in DCM, filtration over MgSO4 and 
evaporation gave crude product (204 mg, contained some disulfide). 
Chromatography with DCM gave pure product (132 mg, 67%, losses during 
workup and chromatography). 
 
Rf (DCM) = 0.26, Rf (9DCM:1Et2O) = 0.68. 
1H: 0.88-1.04 (m, 6H, CH3), 1.38-1.58 (m, 4H, CH2), 1.70-1.90 (m, 4H, CH2), 3.04-
3.24 (m, 4H, CH2). 
13C: 13.5 (CH3), 13.7 (CH3), 21.7 (CH2), 21.9 (CH2), 25.6 (CH2), 32.6 (CH2), 32.9 
(CH2), 55.9 (CH2). 
IR: 2957 (str), 2929, 2871, 1464, 1129, 1085 (str). 
 
41 1,3-Dibutyltrisulfane 
 
nBu
S
S
nBu
O +HMDST
-HMDSO
Bu
S
S
S
Bu
C8H18S3
Mol. Wt.: 210.43
 
 
1H: 0.94 (t, 3H, J=7.2 Hz, CH3), 1.35-1.50 (m, 2H, CH3CH2), 1.65-1.80 (m, 2H, 
CH2CH2S), 2.88 (t, 2H, J=7.4 Hz, CH2S). 
13C: 13.7 (CH3), 21.7 (CH3CH2), 30.9 (CH2CH2S), 38.5 (CH2S). 
GC-MS: t=16.8min, m/z = 210. 
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39 S-Benzyl benzylsulfinothioate 
 
S
S
O C14H14OS2
Mol. Wt.: 262.39
Bn2S2
mCPBA,
CHCl3, 0°C  
 
Dibenzyl disulfide (2.46 g, 10.0 mmol) was dissolved in CHCl3 (50 ml) and stirred 
at 0°C. A solution of mCPBA (2.44g 72%, 10.1 mmol) in CHCl3 (20ml) was added. 
A white turbidity formed. After 1.5h, sat. aq. NaHCO3 (15 ml) was added. Sep, 
extr, dry, rotavap gave a pink coloured crystalline mass (3.08 g). Two 
crystallisations from Et2O gave white crystals (631 mg, 2.4 mmol, 24%, lit 73: 65%). 
 
1H: 4.21-4.36 (m, 4H), 7.20-7.40 (m, 10H). 
13C: 36.1 (CH2), 62.2 (CH2), 127.7 (CH), 128.7 (CH), 128.8 (CH), 129.1 (CH), 
130.3 (CH), 136.1 (Cq), not all signals found. 
Mp: 84-85°C (lit 73: 86°C). 
HRMS: MNa+ calc. 285.0378, found 285.0373 (-1.98 ppm). 
 
41 1,3-Dibenzyltrisulfane 
 
S
S
S C14H14S3
Mol. Wt.: 278.46
 
 
1H: 4.02 s, 2H), 7.15-7.45 (m, 5H). 
13C: 43.1 (CH2), 127.6 (CH), 128.7 (CH), 129.4 (CH), 136.5 (Cq). 
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39 S-2-Propyl propyl-2-sulfinothioate 
 
S
S
S
S
O
C6H14OS2
Mol. Wt.: 166.31
DMDO,
acetone, 0°C
 
1H: 1.39 (dd, 6H, J=6.8 Hz+6.8 Hz, CH3), 1.48 (dd, 6H, J=6.8 Hz+6.8 Hz, CH3), 
3.22 (septet, 1H, J=6.8 Hz, CHS), 3.64 (septet, 1H, J=6.8 Hz, CHS). 
13C: 15.9 (CH3), 16.7 (CH3), 24.5 (CH3), 24.8 (CH3), 38.5 (CH), 55.5 (CH). 
IR: 2965 (str), 2928, 2867, 1461, 1452, 1384, 1367, 1318, 1244, 1156, 1081 (str). 
 
41 1,3-Di-2-propyltrisulfane 
 
S
S
O
S
S
S
C6H14S3
Mol. Wt.: 182.37HMDST,
CH3CN, r.t.
 
The reaction was carried out in an NMR tube. Substrate (20.2 mg, 0.122 mmol) 
was dissolved in acetontrile (0.61 g) and HMDST (40.7 mg, 0.229 mmol) was 
added. TBAF (1µl of a 1.0 M solution in THF, 1 µmol) was deposited on the top of 
the NMR tube. Immediately before submitting, the contents was mixed. The 
mixture turned light yellow. Time between mixing and recording of the NMR was 
about 10 min. The NMR spectrum showed complete conversion of the starting 
material. When the mixture was left over night, impurities formed. Aqueous workup 
immediately after completion of the reaction yielded 41. When nBu4NOH (1 µl of a 
1.0 M solution in MeOH, 1 µmol) was used instead of TBAF, the mixture turned 
light yellow and complete conversion of starting material was observed after 
10min. Without catalyst, starting material disappeared after 24 h. 
 
1H: 1.37 (d, 6H, J=6.8 Hz, CH3), 3.21 (sep, 2H, J=6.8 Hz, CHS). 
13C: 22.5 (CH3), 41.8 (SCH). 
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39 S-tert-Butyl 2-methylpropane-2-sulfinothioate 
 
S
S
O
C8H18OS2
Mol. Wt.: 194.36
 
 
1H: 1.38 (s, 9H), 1.56 (s, 9H). 
 
46 1,2-Diallyldisulfane 74 
 
Cl S
S
aq. Na2S2
H2O/CHCl3
C6H10S2
Mol. Wt.:
146.28  
 
Na2S•9H2O (2.15 g, 9.0 mmol) was dissolved in water (9 ml). Sulfur (294 mg, 9.2 
mmol) was added and the mixture was stirred under nitrogen at r.t. After 30 min, a 
clear orange solution had formed. CTAB (35 mg, 0.10 mmol, 0.01 eq) was added. 
A solution of allyl chloride (1.23 g, 16.1 mmol) in CHCl3 (9 ml) was added and 
stirred at r.t. for one hour. NMR spectroscopy showed complete consumption of 
allyl chloride. Aqueous workup yielded a turbid yellow liquid (1.02 g, 88%). 
Filtration over silica gel yielded a clear light yellow liquid (1.00 g, 85%) with an 
odour of garlic. NMR examination showed that the product consisted of 93% 
disulfide and 7% trisulfide. 
 
1H: 3.28-3.38 (m, 4H, SCH2), 5.10-5.25 (m, 4H, =CH2), 5.70-5.95 (m, 2H, -CH=). 
 
39 S-Prop-2-enyl prop-2-ene-1-sulfinothioate 
 
S
S
S
S
O
DMDO
acetone
C5H8OS2
Mol. Wt.: 148.25
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Diallyl disulfide (76 mg, 0.52 mmol) was dissolved in acetone (2 ml) and stirred at 
0°C. A solution of DMDO in acetone (6.0 ml, 0.08 M, 0.48 mmol) was added. After 
15min the solution was evaporated to dryness. NMR spectroscopy showed 
product and trace of starting material. Chromatography yielded product (24 mg, 
0.15 mmol, 28%). 
 
Rf = 0.20 (DCM + 1% MeOH). 
1H: 3.70-3.95 (m, 4H, SCH2), 5.15-5.55 (m, 4H, =CH2), 5.85-6.05 (m, 2H, -CH=). 
13C: 35.0 (CH2), 59.8 (CH2), 119.1 (CH2), 124.1 (CH2), 125.8 (CH), 132.9 (CH).  
IR: 3082, 2977, 1633, 1424, 1402, 1230, 1089 (str), 988, 926, 729. 
 
47 1,3-Diallyltrisulfane 18 
 
Cl S
S
S C6H10S3Mol. Wt.:
178.34
1. aq. Na2S2O3
2. aq. Na2S
 
Na2S2O3•5H2O (6.20 g, 25.0 mmol) was dissolved in water (10 ml) and stirred at 
r.t. To this solution, MeOH (10 ml) was added, the mixture stayed clear and 
colourless. Allyl chloride (1.60 g, 20.9 mmol) was added dropwise. The mixture 
was initially biphasic, after 2 h one clear colourless phase. After stirring o.n., the 
MeOH was removed by rotary evaporation. Na2S•9H2O (2.58 g, 10.8 mmol) in 
water (10 ml) was added; a turbidity formed immediately. Aqueous workup after 5 
min yielded a clear light yellow liquid (1.66 g, 9.28 mmol, 89%) with a weak garlic 
smell. NMR spectroscopy showed that this consisted of 89% of trisulfide and 11% 
of disulfide. 
 
1H: 3.45-3.55 (m, 4H, SCH2), 5.10-5.30 (m, 4H, =CH2), 5.75-6.00 (m, 2H, -CH=). 
 
86 3-Methyl-1-(3-methylbut-2-enyldisulfanyl)but-2-ene 
 
S
S
C10H18S2
Mol. Wt.: 202.38
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Was prepared as in the procedure for 41 from 1-bromo-3-methybut-2-ene (2.43 g, 
16.3 mmol). Crude product (1.63 g, 8.03 mmol, 99%) was obtained as a light 
brown liquid. Kugelrohr-distillation (125°C, 2 mbar) yielded clear colourless liquid 
(1.36g, 6.70mmol, 82%). Selectivity disulfide 88%, trisulfide 12% (by integration of 
the 1H-NMR spectrum). 
 
1H: 1.71 (s, 6H, CH3), 1.76 (s, 6H, CH3), 3.40 (d, 4H, J=8.0 Hz, SCH2), 5.20-5.35 
(m, 2H, -CH=). 
13C: 18.0 (CH3), 25.8 (CH3), 37.6 (CH2), 119.4 (CH), 137.2 (Cq). 
GCMS: t=16.4min. 
 
87 S-3-Methylbut-2-enyl 3-methylbut-2-ene-1-sulfinothioate 
 
S
S
O C10H18OS2
Mol. Wt.: 218.38
 
 
Substrate 86 (108 mg, 0.535 mmol) was dissolved in acetone (1 ml) and stirred at 
0°C. DMDO (8.0 ml 0.08 M, 0.64 mmol) was added. After 15 min, 1H-NMR 
spectroscopy showed that a small amount of starting material was left and some 
impurities formed. Chromatography with DCM+0.2% MeOH yielded product (36 
mg, 0.165 mmol, 31%) with small impurities. The elution was not complete. The 
substance decomposed within hours. 
 
Rf (DCM+0.2% MeOH) = 0.27. 
1H: 1.73 (s, 3H, CH3), 1.76 (s, 6H, CH3), 1.83 (s, 3H, CH3), 3.65-3.90 (m, 4H, 
SCH2), 5.25-5.40 (m, 2H, -CH=). 
IR: 2969, 2912, 1665, 1447, 1376, 1079 (str), 840. 
 
90 1,3-Bis(3-methylbut-2-enyl)trisulfane 
 
S
S
S
C10H18S3
Mol. Wt.: 234.45 
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Was prepared as for 41 from 1-bromo-3-methybut-2-ene (2.98 g, 20.0 mmol). 
Crude product (1.69 g, 7.20 mmol, 72%) was obtained as a light yellow liquid. The 
presence of disulfide 5%, trisulfide 91%, tetrasulfide 4% was shown by integration 
of the 1H-NMR spectrum. 
 
1H: 1.72 (s, 6H, CH3), 1.76 (s, 6H, CH3), 3.56 (d, 4H, J=8.0 Hz, SCH2), 5.25-5.40 
(m, 2H, -CH=). 
GCMS: 19.3 min. 
 
51 tert-Butylthioisothiourea hydrochloride (similar to lit 19) 
 
SH S
NH2H2N
S
S NH2
NH2
C5H13ClN2S2Mol. Wt.: 200.75
Cl
+
H2O2, HCl,
EtOH/MeOH, 0°C
 
 
2-Methyl-2-butanethiol (1.89 g, 20.0 mmol) was dissolved in 95% EtOH (20 ml). 
Thiourea (1.68 g, 22.1 mmol), water (3.5 ml) and 32% HCl (3.5 ml) were added 
and the mixture was stirred r.t. (solid did not dissolve) and then at 0°C. 35% aq. 
H2O2 (24 mmol) was added dropwise over 50 min, the mixture turned clear. After 
1h, the solution was evaporated and dried at r.t. under 2 mbar. A white solid (4.19 
g, >100%) was obtained. Dissolution in MeOH left a white residue, the solution 
gave an oil upon evaporation, which could not be crystallized. 
 
1H: (no-D-NMR in H2O) 1.37 (s, 9H, tBu), 8.5-9.2 (s+s, 4H, NH2). 
 
52 1-tert-Butyl-2-butyldisulfane 
 
S
S NH2
NH2
Cl
C8H18S2
Mol. Wt.: 178,36
S
Saq. NaHCO3,
MeOH, nBuSH
 
 
Substrate 51 (1.04 g, 5.18 mmol calc. as pure) was dissolved in MeOH (15 ml), 
BnSH (498 mg, 5.52 mmol) was added and the solution was stirred at 0°C. Upon 
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addition of sat. aq NaHCO3 (6 ml), a white turbidity formed. The mixture was 
stirred for 1 h, DCM (5 ml) and water (50 ml) were added. Sep, extr, drying, 
rotavap. yielded clear colourless oil (740mg, 4.15mmol). Chromatography with 
petrol yielded a clear colourless liquid (658mg, 3.69mmol, 71%) that possessed a 
characteristic smell. Small amounts of impurities were detected by 1H-NMR 
spectroscopy. 
 
Rf (Petrol) = 0.74 (MPA hot). 
1H: 0.92 (t, 3H, J=7.2 Hz, CH2CH3), 1.33 (s, 9H, tBu), 1.35-1.45 (m, 2H, CH3CH2), 
1.55-1.70 (m, 2H, CH2CH2S), 2.71 (t, 2H, J=7.2 Hz, CH2S). 
13C: 13.7 (CH2CH3), 21.7 (CH3CH2), 29.9 (C(CH3)3), 31.4 (CH2CH2S), 40.6 
(CH2S), 47.6 (Cq). 
IR: 2957, 2927, 2896, 2859, 1471, 1455, 1361, 1165. 
 
53 1-tert-Butyl-2-butyldisulfane-2-oxide and 
54 1-tert-Butyl-2-butyldisulfane-1-oxide 
 
S
S
O
S
S
OC8H18OS2
Mol. Wt.: 194.36 53
54
 
 
Substrate (325mg, 1.83mmol) was dissolved in acetone (3ml) and stirred at 0°C. 
DMDO (25ml 0.08M in acetone, 2.0mmol) was added. Workup after 10min yielded 
a clear colourless liquid (360mg, 1.86mmol, >100%). Chromatography with 6:1 
petrol:EtOAc+0.2%MeOH yielded both regioisomers 54 (137 mg, 0.71 mmol, 39%) 
and 53 (94 mg, 0.48 mmol, 26%). When the oxidation was performed at lower 
temperatures or with mCPBA in DCM at different temperatures, the ratio did not 
change much. 
 
53 Rf (6Petrol:1EtOAc+0.25%MeOH) = 0.47 (UV, KMnO4 cold). 
1H: 0.95 (t, 3H, J = 7.2Hz, CH2CH3), 1.39 (s, 9H, tBu), 1.35-1.55 (m, 2H, CH3CH2), 
1.70-1.85 (m, 2H, SCH2CH2), 3.00-3.25 (m, 2H, SCH2). 
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13C: 13.5 (CH2CH3), 21.7 (CH2CH3), 24.0 (C(CH3)3), 32.2 (CH2), 33.0 (CH2), 49.3 
(Cq). 
IR: 2957, 2928, 2870, 1457, 1364, 1175, 1080 (str), 732. 
HRMS: 195.08810 (+1.9 ppm; M+H 195.08773). 
MS m/z, % rel: 57 (50%), 87 (23%), 138 (10%), 177 (40%), 178 (18%), 194 (10%), 
195 (100%, MH+), 196 (20%), 197 (17%), 251 (19%), 389 (94%), 390 (18%), 391 
(17%), 411 (10%). 
 
54 Rf (6Petrol:1EtOAc+0.25%MeOH) = 0.44 (UV, KMnO4 cold). 
1H: 0.97 (t, 3H, J = 7.2 Hz, CH2CH3), 1.40-1.55 (m, 2H, CH2CH3), 1.57 (s, 9H, 
tBu), 1.75-1.85 (m, 2H, CH2CH2S), 3.05-3.20 (m, 2H, SCH2). 
13C: 13.7 (CH3), 21.8 (CH2), 25.5 (CH3), 32.2 (CH3), 49.5 (Cq), 55.6 (CH2). 
IR: 2960, 2932, 2871, 1457, 1366, 1167, 1083 (str), 731. 
HRMS: 195.08742 (-1.5ppm, M+H 195.08773). 
MS: m/z, % rel: 57 (25%), 89 (10%), 139 (92%), 195 (100%, MH+), 196 (11%), 
197 (10%), 217 (10%), 389 (29%). 
 
55 1-tert-Butyl-3-butyltrisulfane 
 
S
S
O
C8H18S3
Mol. Wt.: 210.43
S
S
SHMDST
CH3CN
 
 
Substrate 53 (31.6 mg, 163 µmol) was dissolved in CH3CN (0.50 g). HMDST (42.9 
mg, 240 µmol) was added. After 2 h at r.t., NMR examination showed complete 
conversion. After 5 days at r.t., small additional signals had formed due to 
disproportionation. Rotavap, chromatography over silica (1.0 g) with petrol yielded 
a clear colourless liquid (26 mg, 124 µmol, 76%). NMR and GCMS showed 
presence of minor amounts of all possible symmetrical di, tri and tetrasulfides and 
unsymmetrical disulfide. 
 
Substrate 54 (32.5 mg, 167 µmol) was dissolved in CH3CN (0.50 g). HMDST (43.3 
mg, 243 µmol) was added. After 7d at r.t., NMR examination showed complete 
consumption of starting material, product and other polysulfides had formed. 
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Rotavap, chromatography over silica (1.0 g) with petrol yielded a clear colourless 
liquid (0.50 g, 133 µmol, 80%). NMR spectroscopy and GCMS showed presence 
of considerable amounts of all possible symmetrical di, tri and tetrasulfides and 
unsymmetrical disulfide. 
 
Rf (petrol) = 0.53. 
1H: 0.94 (t, 3H, J=7.4 Hz, CH3), 1.35-1.50 (m, 2H, CH3CH2), 1.39 (s, 9H, tBu), 
1.65-1.80 (m, 2H, SCH2CH2), 2.88 (t, 2H, J=7.4 Hz, CH2S). 
13C: 13.7 (CH2CH3), 21.7 (CH2), 29.9 (CH3), 30.9 (CH2), 38.9 (CH2), 48.8 (Cq). 
IR: 2957 (str), 2926, 2895, 2870, 2859, 1454, 1362, 1218, 1163. 
GCMS: tBu-S3-nBu t=15.20min; nBu2S3 t=16.69min; tBu2S3 t=13.42min. 
 
55 1-tert-Butyl-3-butyltrisulfane 
 
Br
S
S S
S
S
nBuSH
tBu2S4
Br2,
DCM  
 
Substrate (25 mg, 0.10 mmol) was dissolved in CDCl3 (0.7 ml). Bromine (15.5 mg, 
0.097 mmol) was added, the mixture was light brown. After standing at r.t. o.n., 1H-
NMR spectroscopy showed that one main product had formed and a trace of 
starting material was left. nBuSH (23.5 mg, 0.26 mmol) was added, the reaction 
mixture discoloured within seconds and fumed on air. Rotary evaporation yielded a 
clear light yellow oil (33 mg, 0.16 mmol, 80%). 1H-NMR spectroscopy and GCMS 
showed that this consisted of around 60% of nBu-S3-tBu and 40% nBu2S3. 
 
1H: 0.94 (t, 3H, J=7.4 Hz), 1.35-1.50 (m, 2H), 1.39 (s, 9H), 1.65-1.80 (m, 2H), 2.88 
(t, 2H, J=7.4 Hz). 
13C: 13.7 (CH3), 21.7 (CH2), 29.9 (CH3), 30.9 (CH2), 38.6 (CH2), 48.8 (Cq). 
GCMS: nBu-S3-tBu 15.22 min, nBu2S3 16.72 min m/z = 210.1. 
 
59 Di-tert-butyltrisulfane 
 
S
S
S
C8H18S3
Mol. Wt.: 210.43
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1H: 1.38 (s). 
13C: 29.9 (CH3), 48.9 (Cq). 
IR: 2960 (str), 2939, 2920, 2895, 2860, 1471, 1455, 1363, 1164. 
HRMS: 211.0643 (MH+ required: 211.0643, -0.2ppm). 
 
60 1,4-Dibutyltetrasulfane 
 
S
S
S
S C8H18S4
Mol. Wt.: 242.49  
 
Was prepared as 61 below using nBuSH instead of tBuSH. 
 
1H: 0.95 (t, 3H, J=7.4 Hz, CH3), 1.38-1.52 (m, 2H, CH2CH3), 1.69-1.81 (m, 2H, 
CH2CH2S), 2.96 (t, 2H, J=7.4 Hz, CH2S). 
13C: 13.6 (CH3), 21.6 (CH3CH2), 31.1 (SCH2CH2), 39.1 (SCH2). 
IR: 2957 (str), 2928, 2871, 1463, 1378, 1272, 1219, 742.HRMS: M+ calc. 
242.0286, found  242.0287 (+0.5ppm). 
 
61 1,4-Di-tert-butyltetrasulfane 
 
S
S
S
S
C8H18S4
Mol. Wt.: 242.49  
 
tBuSH (184 mg, 2.04 mmol) and pyridine (225 mg, 2.8 mmol) were dissolved in 
Et2O (2 ml) and stirred at 0°C. S2Cl2 (153 mg, 1.13 mmol) in Et2O (1 ml) was 
added dropwise. The mixture turned white and turbid. After 2 min, aqueous 
workup yielded a clear light yellow liquid (245 mg, 1.01 mmol, 99%). NMR 
spectroscopy showed traces of impurities. 
 
1H: 1.41 (s). 
13C: 30.2 (CH3), 49.1 (Cq). 
IR: 2960 (str), 2938, 2920, 2894, 2859, 1470, 1455, 1363, 1163. 
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1,2-Dithiane 
 
SH
SH
S
S C4H8S2
Mol. Wt.: 120.24
KMnO4/CuSO4•5H2O
DCM 0°C  
 
1,4-Butanedithiol (1.23 g, 10.1 mmol) was dissolved in DCM (25 ml) and stirred at 
0°C. KMnO4/CuSO4•5H2O (3.0 g) was added over some minutes. Chromatography 
(Petrol, low solubility) gave a white solid (287 mg, 70%) which was distilled (50°C, 
5 mbar) to make sure it contained no polymers. 
 
Rf (petrol) = 0.73 (UV weak, KMnO4 cold strong). 
Mp: 31-33°C (Lit 75 : 32-33°C). 
1H: 1.97 (s, 4H, CH2CH2S), 2.85 (s, 4H, CH2S). 
13C: 27.8 (CH2), 33.3 (CH2). 
IR: 2904, 2842, 1430, 1406, 1317, 1303, 1279, 1223, 1131, 912, 830. 
 
71 1,2-Dithiane-1-oxide 
 
S
S
S
S
O
C4H8OS2
Mol. Wt.: 136.24
DMDO,
acetone, 0°C  
 
1,2-Dithiane (247 mg, 2.06 mmol) was dissolved in acetone (1 ml) and stirred at 
0°C. DMDO (30 ml 0.077 M in acetone, 2.31 mmol) was added. After 5 minutes, 
rotary evaporation gave product (272 mg, 2.00 mmol, 97%) with minor impurities 
which was purified by chromatography with Et2O (low solubility) or DCM. 
 
Rf: 0.49 (Et2O) or 0.30 (DCM) strong UV, KMnO4 cold. 
1H: 1.78-1.95 (m, 1H), 1.95-2.09 (m, 1H), 2.09-2.20 (m, 1H), 2.52-2.68 (m, 1H), 
2.68-2.80 (m, 1H), 3.04-3.17 (m, 1H), 3.17-3.30 (m, 1H), 3.53-3.71 (m, 1H). 
13C: 15.2 (CH2), 23.4 (CH2), 25.6 (CH2), 51.8 (CH2). 
IR: 3046, 2917, 2847, 1434, 1415, 1404, 1282, 1104, 1074 (str), 1014, 913, 732. 
 
 
 92
100 Di-tert-butylthiosulfite 
 
S
S
S
O
C8H18OS3
Mol. Wt.: 226.42
 
 
tBuSH (185 mg, 2.05 mmol) and pyridine (193 mg, 2.4mmol) were dissolved in 
Et2O (4 ml) and stirred at 0°C. SOCl2 (145 mg, 1.2 mmol) in Et2O (1 ml) was 
added dropwise. A white precipitate separated. Aqueous workup after 5 min 
yielded a clear colourless oil (204 mg, 0.90 mmol, 88%) that solidified to a waxy 
solid. 
 
1H: 1.57 (s). 
13C: 31.8 (CH3), 52.1 (Cq). 
HRMS: MNa+ calc. 249.0412, found 249.0409 (-3.4ppm). 
 
100 Dibutyldithiosulfite 
 
S
S
S
O
C8H18OS3
Mol. Wt.: 226.42 
 
Was prepared as above using nBuSH instead of tBuSH. 
1H: 0.95 (t, 6H, J=7.2 Hz, CH3), 1.35-1.55 (m, 4H, CH2), 1.70-1.85 (m, 4H, CH2), 
3.05-3.25 (m, 4H, CH2). 
13C: 13.5 (CH3), 21.8 (CH2), 32.5 (CH2), 33.9 (CH2). 
IR: 2958 (str), 2930, 2872, 1464, 1272, 1224, 1111 (str). 
 
105 Butyl-tert-butyl dithiosulfite 
 
S
S
S
O C8H18OS3
Mol. Wt.: 226.43
 
 
Was prepared as 100 from 1eq. tBuSH, 1eq. SOCl2 and 1eq. nBuSH. 
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1H: 0.95 (t, 3H, J=7.2 Hz,CH3), 1.35-1.55 (m, 2H, CH3CH2), 1.57 (s, 9H, tBu), 
1.70-1.85 (m, 2H, CH2CH2S), 3.00-3.20 (m, 2H, CH2S). 
13C: 13.5 (CH3), 21.8 (CH3CH2), 32.0 (C(CH3)3), 32.4 (CH2CH2S), 33.7 (CH2S), 
52.0 (Cq). 
IR: 2960 (str), 2929, 1872, 1458, 1367, 1164, 1110 (str), 740. 
 
123 2,2,6-Trimethyl-1,3-dithiane-1-oxide 
 
S
S
O S
S
O S
S
O
C7H14OS2
Mol. Wt.: 178.32
1. nBuLi
2. MeI rac.
 
 
Substrate (512 mg, 3.12 mmol) was dissolved in THF (6 ml) and stirred at -78°C. 
nBuLi (2.0 ml 2.0 M in hexanes, 4.0 mmol) was added. After 15min, MeI (0.25 ml, 
4.0 mmol) was added. After 45 min, the reaction was quenched by addition of 
NH4Cl (0.5ml sat. aq. solution) and warmed to r.t. Water (15 ml) was added and 
extracted with DCM (3 x 15 ml). The combined organic phases were washed with 
brine, dried with MgSO4, and concentrated. Chromatography (24CHCl3:1MeOH) 
gave a clear yellow liquid (385 mg, 70%), which partially crystallized at r.t. Ratio of 
diastereomers about 2 : 3 (from integration of the 1H-NMR spectrum). 
 
Mixture of diastereomers: 
Mp: slightly above r.t. 
1H: 1.32 + 1.33 + 1.40 + 1.41 (d + d, 3H, J = 6.8 Hz, CH3-CH=), 1.47 + 1.53 (s+s, 
3H, CH3), 1.59 + 1.65 (s+s, 3H, CH3), 1.95-2.12 (m, 1H), 2.30-2.40 (m, 1H), 2.46-
2.54 (m, 1H), 2.60-2.76 (m, 1H), 2.82-2.98 (m, 1H). 
13C: 16.0 (CH3), 16.8 (CH3), 17.9 (CH3), 21.5 (CH2), 22.5 (CH3), 25.3 (CH2), 25.4 
(CH2), 25.7 (CH3), 25.9 (CH3), 37.6 (CH2), 46.1 (CH), 52.6 (CH), 57.6 (Cq), 58.5 
(Cq). 
 
The diastereomer that could not be alkylated 136 (oxygen axial, methyl 
equatorial): 
Mp 102-103°C (from Et2O). 
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1H: 1.34 (d, 3H, J = 7.2 Hz), 1.50 (s, 3H), 1.57 (s, 3H), 1.52-1.68 (m, 1H), 2.00-
2.15 (m, 1H), 2.46-2.58 (m, 1H), 2.53-2.65 (m, 1H), 2.82-2.93 (m, 1H). 
13C: 18.1 (CH3), 22.0 (CH2), 22.7 (CH3), 25.6 (CH2), 26.1 (CH3), 46.5 (CH), 58.7 
(Cq). 
HRMS: MNa+ calc. 201.0378, found 201.0377 (-0.79ppm). 
 
124 2,2,6,6-Tetramethyl-1,3-dithiane-1-oxide 
 
S
S
O
S
S
O
C8H16OS2
Mol. Wt.: 192.34
1. nBuLi
2. MeI
 
 
Substrate (367 mg, 2.06 mmol) was dissolved in THF (7 ml) and stirred at -78°C. 
nBuLi (in hexane, 2.5 mmol) was added. After 15min, MeI (0.20 ml, 13.2 mmol) 
was added. To r.t., NH4Cl, extr DCM, dry, rotavap, chromatography. Product was 
obtained as clear colourless oil (290 mg, 73%). 
 
Rf (1Petrol:1EtOAc) = 0.33 (KMnO4 cold). 
1H: 1.28 (s, 3H), 1.38 (s, 3H), 1.53 (s, 3H), 1.60 (s, 3H), 2.09-2.25 (m, 2H), 2.35 
(ddd, 1H, J=3.2, 5.2,15 Hz,), 2.80 (ddd, 1H, J=3.2, 10.8, 15 Hz,). 
13C: 18.0 (CH3), 20.0 (CH3), 22.2 (CH2), 27.6 (CH3), 28.8 (CH3), 40.8 (CH2), 55.9 
(Cq), 58.3 (Cq). 
IR: 2962, 2927, 1719, 1448, 1376, 1362, 1236, 1164, 1110, 1041, 1005. 
 
127 2,2,9,9-Tetramethyl-1,3,8,10-tetrathiacyclotetradecane 
 
SH
SH
S
S
S
S
C14H28S4
Mol. Wt.: 324.64
acetone,
DCM, TiCl4
 
 
Acetone (759 mg, 13.1 mmol) and 1,4-butanedithiol (1.32 g, 10.8 mmol) were 
dissolved in DCM (5 ml) and stirred at 0°C. TiCl4 (1.0 ml 1.0 M solution in DCM) 
was added. The mixture turned white turbid. After stirring o.n. aq. workup, rotavap 
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yielded clear colourless oil (1.57g) which turned into a white jelly. After 16 months 
at r.t., crystals had formed (86 mg, 0.53 mmol, 4.9%). Single crystal X-ray 
crystallography showed that these are the dimer. In NMR spectroscopy, the dimer 
was observed to rapidly convert into another compound of similar structure. 
 
Mp: 144-147°C. 
1H: 1.60 (s, 6H), 1.75-1.85 (m, 4H, SCH2CH2), 2.60-2.75 (m, 4H, SCH2). 
13C: 25.5 (SCH2CH2), 28.2 (SCH2), 31.0 (CH3), 55.3 (Cq). 
Converts into another compound (50% conversion at r.t. o.n.): 
1H: 1.63 (s, 6H), 1.90-2.00 (m, 4H), 2.75-2.85 (m, 4H). 
13C: 29.0 (CH2), 32.0 (CH2), 33.4 (CH3), 54.4 (Cq). 
 
138 4-Benzyl-2,2-dimethyl[1,3]dithiane 3-oxide 
 
S
S
O
S
S
O
C13H18OS2
Mol. Wt.: 254.41
1. 1.5eq. MeLi,
    THF, -75°C
2. 1.5eq. BnCl
diastereomers
 
 
Substrate (508 mg, 3.09 mmol) was dissolved in THF (12 ml) and stirred at -75°C. 
MeLi (3.0 ml 1.5 M in Et2O, 4.5 mmol) was added and the solution stirred for 1h. 
BnCl (591 mg, 4.67 mmol) and the solution was left to warm to r.t. Aqueous 
workup and chromatography (1petrol:1EtOAc+0.2%MeOH) yielded product (593 
mg, 2.33 mmol, 75%) as a sticky oil. The diastereomers did not separate 
significantly. 
 
Rf (1petrol:1EtOAc+0.2%MeOH) = 0.38 (MPA hot). 
HRMS: MNa+ calc. 277.0691, found 277.0686 (-2.04ppm). 
 
The diastereomer that could not be alkylated: 
1H: 1.49 (s, 3H), 1.53 (s, 3H), 1.60-1.70 (m, 1H, one of CH2CH2S), 2.05-2.20 (m, 
1H, one of CH2CH2S), 2.45-2.55 (m, 1H, one of SCH2), 2.65-2.75 (m, 1H, 
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PhCH2CH), 2.75-2.85 (m, 2H, one of SCH2 and one of PhCH2), 3.11 (dd, 1H, 
J=6.8+13.6 Hz, one of PhCH2), 7.15-7.35 (m, 5H). 
13C: 20.1 (CH2), 22.6 (CH3), 25.5 (CH2), 26.1 (CH3), 38.3 (PhCH2), 53.8 (CH), 
58.9 (Cq), 126.9 (CH), 128.7 (CH), 129.4 (CH), 137.0 (Cq). 
 
The diastereomer that was cleaved more slowly by acid: 
(some integrals could not be determined as compound was not pure) 
1H: 1.60 (s, 3H), 1.69 (s, 3H), 1.85-1.95 (m, 1H), 2.15-2.35 (m), 2.55-2.80 (m), 
2.80-2.90 (m), 3.10-3.20 (m, 1H), 3.50-3.60 (m, 1H), 7.10-7.40 (m, 5H). 
 
139 4-Benzyl-2,2,4-trimethyl[1,3]dithiane 3-oxide 
 
S
S
O
S
S
O
C14H20OS2
Mol. Wt.: 268.44
1. 1.5eq. MeLi,
    THF, -74°C
2. 4eq. MeI
diastereomers
28% one diastereomer
+ 35% starting 
material one 
diastereomer
 
 
Substrate (256 mg, 1.01 mmol, mixture of diastereomers) was dissolved in THF (5 
ml) and stirred at -74°C. MeLi (1.0 ml 1.5 M in Et2O, 1.5 mmol) was added and the 
solution stirred for 1h. MeI (0.25 ml, 4.0 mmol) was added and the mixture left to 
warm to r.t. over 3h. Aqueous workup and chromatography 
(1petrol:1EtOAc+0.2%MeOH) yielded product (75 mg, 0.28 mmol, 28%, one 
diastereomer) and starting material (91 mg, 0.36 mmol, 35%, one diastereomer). 
 
Rf (1petrol:1EtOAc+0.2%MeOH) = 0.47 (MPA hot). 
1H: 1.25 (s, 3H), 1.53 (s, 3H), 1.64 (s, 3H), 2.01-2.13 (m, 1H, one of SCH2), 2.17-
2.34 (m, 2H, one of SCH2 and one of CqCH2), 2.72-2.85 (m, 1H, one of CqCH2), 
3.00 (d, 1H, J=13 Hz, one of PhCH2), 3.06 (d, 1H, J=13 Hz, one of PhCH2), 7.10-
7.40 (m, 5H). 
13C: 14.2 (CH3), 19.7 (CH3), 21.9 (SCH2CH2), 28.3 (CH3), 38.8 (SCH2), 46.1 
(PhCH2), 58.4 (Cq), 60.0 (Cq), 127.0 (CH), 128.1 (CH), 131.2 (CH), 134.7 (Cq). 
HRMS: MNa+ calc. 291.0848, found 291.0843 (-1.55ppm). 
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111 (1R,6R,7S,10R)-7-Isopropyl-10-methyl-1,5-dithia-spiro[5.5]undecane 1-
oxide 
 
O S
S
S
SO
C13H24OS2
Mol. Wt.: 260.46
1,3-propane-
dithiol, 
cat. pTosOH, 
toluene, reflux
NaIO4,
MeOH/H2O
 
Was prepared from menthone, 1,3-propanedithol and NaIO4 as in lit 76. 
 
1H: 0.88 (d, 3H, J=6.8 Hz), 0.90-1.10 (m, 7H), 1.45-1.65 (m, 2H), 1.65-1.85 (m, 
2H), 1.95-2.50 (m, 7H), 2.60-2.75 (m, 1H), 2.80-2.90 (m, 1H), 3.00-3.10 (m, 1H). 
 
135 (1R,2S,6R,7S,10R)-2-Benzyl-7-isopropyl-10-methyl-1,5-dithia-
spiro[5.5]undecane 1-oxide 
 
S
SO S
SO
C20H30OS2
Mol. Wt.: 350.58
1. MeLi,
2. BnBr
 
 
Substrate (653 mg, 2.51 mmol) was dissolved in 15 ml THF (15 ml) and stirred 
under nitrogen at -78°C. MeLi (2.0 ml 1.5 M in Et2O, 3.0 mmol) was added and 
after 15 min, BnBr (0.85 g, 5.0 mmol) was added. Aqueous workup after 2 h and 
chromatography (DCM+1%MeOH) yielded a yellow oil (751 mg, 2.15 mmol, 85%) 
that solidified. Purification by crystallisation was achieved by dissolution in DCM (1 
ml), addition of petrol (3 ml) and cooling to -20°C. 
 
Rf (DCM+1%MeOH) = 0.11 (MPA hot). 
1H: 0.88 (d, 3H, J=6.8 Hz), 0.95-1.10 (m, 7H), 1.45-1.65 (m, 2H), 1.70-1.90 (m, 
3H), 2.00-2.25 (m, 5H), 2.35-2.50 (m, 1H, CH(CH3)2), 2.50-2.60 (m, 1H), 2.60-2.70 
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(m, 1H, one of PhCH2), 2.85-3.00 (m, 1H, SCH), 3.50-3.60 (m, 1H, one of PhCH2), 
7.15-7.25 (m, 3H), 7.25-7.35 (m, 2H). 
13C: 19.3 (CH3), 21.4 (CH2), 22.2 (CH3), 23.5 (CH2), 24.4 (CH3), 25.5 (CH), 27.2 
(CH), 30.9 (CH2), 33.7 (CH2), 34.3 (CH2), 36.5 (PhCH2), 44.7 (CH), 57.1 (SCH), 
70.1 (Cq), 126.7 (CH), 128.5 (CH), 129.6 (CH), 137.3 (Cq). 
EA: calc C 68.52 H 8.63 R 22.85 found C 68.07 H 8.59 R 23.35. 
HRMS: 373.1622 (MNa+ required: 373.1630; -2.30ppm). 
Mp: 161-168°C (DCM/petrol). 
 
134 (1R,2S,6R,7S,10R) 7-Isopropyl-2,10-dimethyl-1,5-dithia-
spiro[5.5]undecane 1-oxide 
 
O S
S
S
SO
C14H26OS2
Mol. Wt.: 274.49
1. MeLi,
2. MeI
 
 
Was prepared as above in 93% yield using MeI instead of BnBr. 
 
1H: 0.88 (d, 3H, J=6.8 Hz), 0.92-1.05 (m, 7H), 1.44 (d, 3H, J=6.8 Hz, CH3CHS), 
1.48-1.65 (m, 2H), 1.70-1.85 (m, 2H), 1.90-2.15 (m, 4H, one of SCHCH2), 2.25-
2.35 (m, 2H, one of SCHCH2), 2.35-2.45 (m, 1H), 2.70-2.85 (m, 1H), 2.90-3.00 (m, 
1H, SCH). 
13C: 17.4 (CH3), 19.3 (CH3), 21.5 (CH2), 22.2 (CH3), 23.7 (CH2), 24.4 (CH3), 25.6 
(CH), 27.3 (CH), 31.0 (CH2), 34.4 (CH2), 37.3 (CH2), 44.6 (CH), 50.7 (CH), 69.9 
(Cq). 
EA: calc C 61.26 H 9.55 R 29.19 found C 60.97 H 9.51 R 29.54. 
HRMS: 297.1312 (MNa+ required: 297.1317; -1.85ppm). 
Mp: 121-122°C (petrol). 
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129 2,2-Diphenyl-1,3-dithiolane 
 
O
SS
1,2-ethanedithiol,
AlCl3, DCM,
r.t. 30min
C15H14S2
Mol. Wt.: 258.40
 
Benzophenone (1.88g, 10.3mmol) and 1,2-ethanedithiol (1.30g, 13.8mmol) were 
dissolved in DCM (12ml) and stirred at r.t. AlCl3 (anhydrous, powder, 0.51g, 
3.7mmol) was added, the mixture became yellow and boiled. After 30min aq. HCl 
(5ml 2M) was added. Sep, wash, dry, rotavap gave a white solid (2.58g, 100%), 
mp 102-103°C (lit 77: 104-105°C). Recrystallisation from DCM/Petrol gave pure 
crystalline product (2.07g, 8.01mmol, 78%, mp 104-105°C) in two crops. 
 
1H: 3.40 (4H, s), 7.15-7.35 (m, 6H), 7.55-7.65 (m, 4H). 
13C: 40.1, 76.8, 127.2, 127.9, 128.2, 144.6. 
 
130 2,2-Diphenyl-1,3-dithiane 
 
O
SS
C16H16S2
Mol. Wt.: 272.43
1,3-propanedithiol,
AlCl3, DCM,
r.t. 30min
 
Was prepared as above from benzophenone (1.91g, 10.5mmol) and 1,3-
propanedithiol (1.31g, 12.1mmol). Crude product was a white solid (2.84g, 99%). 
Recrystallisation from DCM/Petrol gave pure crystalline product (1.66g, 6.1mmol, 
58%, mp 109-110°C). 
 
1H: 1.95-2.05 (m, 2H, SCH2CH2), 2.74-2.83 (m, 4H, SCH2), 7.20-7.30 (m, 2H), 
7.30-7.40 (m, 4H), 7.65-7.75 (m, 4H). 
13C: 24.5, 29.4, 62.8, 127.6, 128.4, 129.3, 142.5. 
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131 2,2-Diphenyl-1,3-dithepane 
 
O
SS
1,4-butanedithiol,
AlCl3, DCM,
r.t. 30min
C17H18S2
Mol. Wt.: 286.46
 
Was prepared as above from benzophenone (1.87 g, 10.3 mmol) and 1,4-
butanedithiol (1.54 g, 12.6 mmol). Crude product (3.03 g, 10.6 mmol, 103%) was 
an oil that showed no signals for thiol and carbonyl in IR, but was impure by NMR 
spectroscopy. The oil solidified at r.t. Crystallisation from DCM at -20°C yielded 
product (472 mg, 1.65 mmol, 16%) with small impurities. The substance recovered 
from mother liquor was subjected to chromatography (40 g silica, 97petrol:3EtOAc, 
40ml fore-run, fractions 15 ml). Fractions 6 and 7 separated crystals. From 
fractions 5-9 we recovered pure compound (469 mg, 1.64 mmol, 16%) and  
product with small impurities (228 mg, 0.83 mmol, 8.1%). Combined yield 40%. 
 
Rf: 0.53 (97petrol:3EtOAc) UV. 
Mp: 106-108°C (Petrol/EtOAc). 
1H: 1.95-2.10 (m, 4H, SCH2CH2), 2.90-3.05 (m, 4H, SCH2), 7.18-7.26 (m, 2H), 
7.26-7.35 (m, 4H), 7.50-7.60 (m, 4H). 
13C: 31.2 (CH2), 31.4 (CH2), 70.2 (Cq), 127.2 (CH), 128.1 (CH), 128.2 (CH), 145.1 
(Cq). 
HRMS: 309.0738 (MNa+ required: 309.0742; -1.22ppm). 
 
125 3,3-Dimethyl-1,2-dithiolane 
 
S
S
O
S S
C5H10S2
Mol. Wt.: 134.26
CH3CN,
cat. aq. HCl,
r.t. 21h
(+ acetone)
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Substrate (190 mg, 0.99 mmol) was dissolved in CH3CN (5 ml) and HCl (0.25 ml 2 
M in water) was added. After 18h at 0°C, only a trace of product was detected by 
NMR spectroscopy. After 6h at r.t., ~1 product : 3 starting material. After 23h 17°C 
~ 70% product : 30% starting material. 72h r.t. ~quant product. Rotavap, DCM, 
water, dry, rotavap yielded clear yellow liquid (111 mg, 0.83 mmol, 84%), NMR 
spectroscopy: product with small impurities. 
 
1H: 1.55 (s, 6H), 2.11 (t, 2H, J = 6.6 Hz, SCH2CH2), 3.24 (t, 2H, J = 6.6 Hz, SCH2). 
13C: 28.2 (CH3), 37.9 (SCH2), 48.6 (CH2), 60.5 (Cq). 
IR: 2965, 2919, 2859, 1452, 1363, 1261, 1115. 
 
140-141 3-Benzyl-1,2-dithiolane 
 
S S C10H12S2
Mol. Wt.: 196.33
 
 
Was prepared as above in 60% isolated yield. 
 
1H: 1.95-2.05 (m, 1H, one of SCH2CH2), 2.30-2.40 (m, 1H, one of SCH2CH2), 2.96 
(d, 2H, J=7.6 Hz, PhCH2), 3.05-3.15 (m, 1H, one of SCH2), 3.15-3.25 (m, 1H, one 
of SCH2), 3.82 (quint, 1H, J=6.8 Hz, SCH), 7.15-7.35 (m, 5H). 
13C: 38.4 (SCH2), 39.6 (CH2), 40.9 (PhCH2), 57.5 (CH), 126.7 (CH), 128.5 (CH), 
128.8 (CH), 139.5 (Cq). 
Chiral HPLC: 5.38min  + 5.87min (chiralcel OD, 9 Hexanes:1 IPA, 1.0ml/min, 
254nm). 
 
142 3-Methyl-3-benzyl-1,2-dithiolane 
 
S S C11H14S2
Mol. Wt.: 210.36
 
 
Was prepared as above in quantitative yield by NMR. 
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1H: 1.43 (s, 3H), 2.00-2.12 (m, 1H, SCH2CH2), 2.15-2.30 (m, 1H, SCH2CH2), 3.00 
(d, 1H, J = 13.6 Hz, one of PhCH2), 3.14 (d, 1H, J = 13.6 Hz, one of PhCH2), 3.26 
(dt, 2H), 7.20-7.35 (m, 5H). 
13C: 25.2 (CH3), 37.4 (SCH2), 45.8 (PhCH2), 46.6 (SCH2CH2), 65.1 (Cq), 126.7, 
128.0, 130.4, 137.9 (Cq). 
 
144 Dihydro-3-(2-hydroxypropan-2-yl)furan-2(3H)-one 
 
O O O O
OH
C7H12O3
Mol. Wt.: 144.17
1. LDA,
    THF, -78°C
2. acetone
78% (dist.)
 
 
iPr2NH (5.56 g, 55.0 mmol) was dissolved in THF (40 ml) and stirred at -15°C. 
nBuLi (23 ml 2.4 M in hexanes, 55 mmol) was added and the mixture stirred for 
30min at -15°C and than cooled to -78°C. γ-Butyrolactone (4.34 g, 50.4 mmol) was 
added dropwise, after 45 min acetone (5.0 ml, 68 mmol) was added. The mixture 
was warmed to r.t. o.n., washed with sat. aq NH4Cl (10ml). Sep ph, reextr, dry, 
rotavap. Kugelrohr-distillation (1.0mbar, 120°C) gave clear colourless product 
(5.68g, 39mmol, 78%). 
 
1H: 1.28 (s, 3H), 1.32 (s, 3H), 2.08-2.22 (m, 1H, one of OCH2CH2), 2.30-2.42 (m, 
1H, one of OCH2CH2), 2.72 (dd, 1H, J = 11.2+9.2 Hz, CH), 3.65 (br s, 1H, OH), 
4.15-4.25 (m, 1H, one of OCH2), 4.32-4.42 (m, 1H, one of OCH2). 
13C: 25.5 (CH2), 25.6 (CH3), 27.9 (CH3), 49.6 (CH), 66.4 (OCH2), 70.8 (Cq), 178.8 
(Cq). 
IR: 3463, 2975, 2934, 1757, 1378, 1218, 1165, 1017, 954. 
HRMS: MNa+ calc 167.0679, found 167.0677 (-0.78ppm). 
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145 Dihydro-3-(propan-2-ylidene)furan-2(3H)-one 
 
O O
OH
C7H10O2
Mol. Wt.: 
126.15
O O O O
93% (dist.)
1. pyridine, SOCl2,
    DCM, 0-20°C
2. aq. HCl
+
 
Substrate (5.68 g, 39 mmol) was dissolved in DCM (40 ml) and pyridine (1.0 ml, 
124 mmol, 1.5 eq) was added. This mixture was stirred in an ice-bath and SOCl2 
(3.5 ml, 48 mmol, 1.2 eq) was added slowly to keep the internal temperature below 
20°C. The mixture was then stirred for 30 min at r.t., water (30 ml) and 6M aq. HCl 
(6 ml) was added to acidify the aq ph to pH ~ 1. Sep, extr, dry, rotavap. Kugelrohr-
distillation (2.0mbar, 120°C oven-temperature) yielded clear light yellow liquid 
(4.56 g, 36 mmol, 93%), which was a mixture of conjugated and unconjugated ene 
in a reatio of ~ 7:1. 
 
145 Dihydro-3-(propan-2-ylidene)furan-2(3H)-one: 
1H: 1.90 (t, 3H, J = 1.6 Hz, CH3), 2.25 (t, 3H, J = 2.2 Hz, CH3), 2.89 (m, 2H, 
OCH2CH2), 4.29 (t, 2H, J = 7.6 Hz, OCH2). 
13C: 19.7 (CH3), 24.6 (CH3), 27.6 (CH2), 64.2 (OCH2), 118.4 (Cq), 150.2 (Cq), 
170.6 (Cq). 
 
146 3-(Prop-1-en-2-yl)dihydrofuran-2(3H)-one: 
1H: 1.85 (s, 3H, CH3), 2.35-2.55 (m, 2H, OCH2CH2), 3.26 (t, 1H, J=9.2 Hz, CH), 
4.35-4.45 (m, 2H, OCH2), 4.96 (m, 1H, one of =CH2), 5.02 (t, 1H, J=1.4 Hz, one of 
=CH2). 
13C: 20.2 (CH3), 28.0 (CH2), 47.1 (CH), 66.6 (OCH2), 114.8 (=CH2), 139.7 (Cq), 
176.9 (Cq). 
IR: 2984, 2913, 1737, 1667, 1445, 1373, 1268, 1187, 1031. 
HRMS: MNa+ calc 149.0573, found 149.0570 (-1.7ppm). 
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148 Trifluoroacetic acid 1-methyl-1-(2-oxotetrahydrofuran-3-yl)ethyl ester 
 
O O
O
CF3
O
C9H11F3O4
Mol. Wt.: 240.18
 
 
Substrate (172 mg, 1.19 mmol), TFAA (681 mg, 3.24 mmol) and DCM (2 ml) were 
heated in a microwave vial at 100°C for 2h. Aqueous workup yielded product (218 
mg, 0.91 mmol, 76%) contaminated with small amounts of alkenes. 
Chromatography yielded pure product (89 mg, 0.37 mmol, 31%) eluting first and a 
mixture of product and alkenes eluting later. 
 
Rf (4petrol : 1EtOAc + 0.2% MeOH) = 0.33. 
1H: 1.66 (s, 3H), 1.84 (s, 3H), 2.25-2.40 (m, 2H, OCH2CH2), 3.32 (t, 1H, J=10.0 
Hz, CH), 4.22 (dt, 1H, J=9.0 Hz + 7.6 Hz, one of OCH2), 4.34-4.42 (m, 1H, one of 
OCH2). 
13C: 22.2 (CH3), 24.7 (CH3), 24.8 (CH2), 47.6 (CH), 65.7 (OCH2), 87.6 (Cq), 114.2 
(CF3), 156.0 (CF3CO), 174.4 (Cq). 
IR: 2996, 2950, 2921, 1777 (str), 1374, 1223, 1175, 1126, 1029, 776. 
HRMS 258.0949 (M+NH4+ required: 258.0948, +0.5ppm). 
 
147 1,4-Dichloro-4-methylpentane 
 
Cl
Cl C6H12Cl2
Mol. Wt.: 155.07
 
 
Substrate (95 mg, 0.66 mmol) and 32% aq. HCl (1 ml) were heated at 150°C for 1 
hour. Aqueous workup yielded a clear brown oil (42 mg, 0.27 mmol, 41%). 
Comparison of the 1H-NMR spectrum with data from literature 78 showed that this 
was product with impurities. 
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1H: 1.59 (s, 6H, CH3), 1.82-1.92 (m, 2H, CqCH2), 1.92-2.06 (m, 2H, CH2CH2Cl), 
3.58 (t, 2H, J=6.4 Hz, CH2Cl). 
13C: 28.4 (CH2), 32.5 (2*CH3), 43.3 (CH2), 45.0 (CH2Cl), 70.1 (Cq). 
 
149 3-(1-Chloro-1-methyl-ethyl)-dihydro-furan-2-one 
 
O O
OH
O O
Cl
(COCl)2,
CDCl3
? C7H11ClO2
Mol. Wt.: 162.61
 
 
Alcohol 144 (64 mg, 0.44 mmol) was dissolved in CDCl3 (0.7 ml) in an NMR-tube 
and (COCl)2 (168 mg, 1.32 mmol) was added. Evolution of gas took place. After 24 
h at 60°C, 1H-NMR spectroscopy showed complete consumption of educt and 
formation of one main product. When smaller amounts of (COCl)2 were used, 
reaction was incomplete, starting material and alkenes were present in the 
reaction mixture. However, after aqueous workup no substance remained and due 
to lack of time, the experiment could not be repeated. 
 
155 2-(2-(Benzylthio)ethyl)-3-methylbut-2-enoic acid 
 
O O
O
OH
SBn
C14H18O2S
Mol. Wt.: 250.36
1. 1.1. BnSH,
   1eq. NaH, toluene
2. 1h 180°C
3. aq. HCl
 
 
BnSH (1.26 g, 9.26 mmol) was dissolved in toluene (8 ml) and stirred at r.t. NaH 
(323 mg 60% in mineral oil, 8.08 mmol) was added. A weak evolution of gas 
occurred. Substrate (888 mg, 7.05 mmol) was added and the mixture was heated 
to 180°C in a stream of nitrogen. After evaporation of the toluene, the remaining 
solid was kept at 180°C for 1 hour. Aqueous workup and chromatography with 
DCM+0.5%AcOH yielded a mixture of product (1.11 g, 4.41 mmol, 63%) product 
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and 156 (0.50 g, 1.33 mmol, 19%, from 1H-NMR-integration). Pure product was 
obtained by crystallisation from Petrol/CHCl3. 
 
Rf (DCM + 0.5% AcOH) = 0.35 (UV, MPA hot), 
     (4Petrol:1EtOAc+0.5%AcOH) = 0.36 (UV, MPA hot). 
Mp (CHCl3/Petrol) = 93-95°C. 
1H: 1.85 (s, 3H), 2.11 (s, 3H), 2.44-2.56 (m, 2H, SCH2CH2), 2.56-2.67 (m, 2H, 
SCH2CH2), 3.75 (s, 2H, PhCH2), 7.16-7.24 (m, 1H), 7.24-7.28 (m, 4H), 12.2 (br s, 
1H, COOH). 
13C: 23.4 (CH3), 23.6 (CH3), 30.19 (CH2), 30.24 (CH2), 36.2 (PhCH2), 125.1 (Cq), 
126.9 (CH), 128.4 (CH), 128.9 (CH), 138.5 (Cq), 150.6 (Cq), 174,4 (Cq). 
HRMS: MNa+ calc. 273.0920, found 273.0914 (-2.03 ppm). 
 
156 3-(Benzylthio)-2-(2-(benzylthio)ethyl)-3-methylbutanoic acid 
 
O O
O
OH
SBn
SBn C21H26O2S2
Mol. Wt.: 374.56
1. 4eq. BnSH,
    1eq. NaOMe,
     DMF, 17h 100°C
2. aq. HCl
78% (col.)
 
 
Substrate (1.27 g, 10.1 mmol) and BnSH (5.71 g, 42.0 mmol) were dissolved in 
DMF (10 ml) and stirred under nitrogen at 100°C. NaOMe (2.8 M in MeOH, 4.0 ml, 
11.2 mmol) was added and the mixture was kept at 100°C for 17 hours. Aqueous 
workup yielded a clear yellow liquid (5.10 g) consisting of product, 155, Bn2S2 and 
DMF. Chromatography over 150 g silica with 4petrol:1EtOAc+0.2%AcOH elutes 
155 first, product second, 163 last. Yield (by integration of the 1H-NMR spectra of 
the fractions): 155 (266 mg, 1.06 mmol, 11%), product (2.97g, 7.92mmol, 78%) 
and 163 (51 mg, 0.21 mmol, 2.0%). No complete separation was achieved. 
 
Chromatography (150g silica, 4Pet:1EtOAc+0.5%AcOH, 300ml fore-run, fractions 
50ml) gave the product in fractions 3-12 with 155 enriched in the first fractions and 
162 enriched in the last fractions. 
 
Rf (4petrol:1EtOAc+0.2%AcOH) = 0.36 (UV, MPA hot). 
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1H: 1.34 (s, 3H), 1.45 (s, 3H), 1.95-2.13 (m, 2H, SCH2CH2), 2.13-2.28 (m, 1H, one 
of SCH2), 2.35-2.45 (m, 1H, one of SCH2), 2.71 (dd, 1H, J = 10.8 + 3.2 Hz, CH), 
3.71 (s, 2H, PhCH2), 3.76 (d, 1H, J = 12.0 Hz, PhCH2), 3.81 (d, 1H, J = 12 Hz, 
PhCH2), 7.18-7.36 (m, 10H), 10 (br s, 1H). 
13C: 25.1 (CH3), 27.4 (CH3), 28.0 (CH2), 29.5 (SCH2), 33.2 (PhCH2), 36.0 
(PhCH2), 47.2 (Cq), 53.3 (CH), 127.01 (CH), 127.04 (CH), 128.5 (CH), 128.6 (CH), 
128.9 (CH), 129.1 (CH), 137.6 (Cq), 128.2 (Cq), 178.9 (Cq). 
IR: 3026, ~3000 (br s), 2964, 1700, 1601, 1493, 1452, 1237, 699. 
HRMS: MNa+ calc. 397.1266, found 397.1258 (-2.02 ppm). 
 
General procedure for esterification of carboxylic acid with diazomethane 
 
KOH (85%, 1.40 g, 21 mmol) was dissolved in water (2 ml). The solution was 
stirred at 0°C and Et2O (8 ml) was added. To this mixture, nitrosomethylurea (1.18 
g, 11.5 mmol, (prepared according to ref 79) was added gradually. After some 
minutes, the ethereal layer became yellow. This solution of CH2N2 in Et2O was 
added dropwise to a solution of the acid (7.75 mmol) in Et2O, stirred at 0°C. 
Evolution of gas occurred and the yellow colour was discharged. Finally, no more 
gas evolved and the colour stayed yellow. Addition of a drop of AcOH destroyed 
excess CH2N2. Rotary evaporation gave the pure methyl ester in high yield. 
 
157 2-(2-Benzylsulfanylethyl)-3-methylbut-2-enoic acid methyl ester 
 
S
O
O
C15H20O2S
Mol. Wt.: 264.38 
 
1H: 1.78 (s, 3H), 1.99 (s, 3H), 2.40-2.50 (m, 2H, SCH2CH2), 2.50-2.60 (m, 2H, 
SCH2), 3.69 (s, 3H, OCH3), 3.73 (s, 2H, PhCH2), 7.18-7.27 (m, 1H), 7.27-7.36 (m, 
4H). 
13C: 22.3 (CH3), 23.1 (CH3), 30.24 (CH2), 30.25 (CH2), 36.2 (PhCH2), 51.2 
(OCH3), 125.9 (Cq), 126.9 (CH), 128.4 (CH), 128.9 (CH), 138.5 (Cq), 145.5 (Cq), 
169.4 (Cq). 
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IR: 3084, 3062, 3028, 2992, 2948, 2916, 1714 (str), 1634, 1494, 1453, 1434, 
1297, 1273, 1212, 1155, 1071, 702. 
HRMS: MNa+ calc. 287.1076, found 287.1071 (-1.8 ppm). 
 
158 3-Benzylsulfanyl-2-(2-benzylsulfanylethyl)-3-methylbutyric acid methyl 
ester 
 
S
O
O
S C22H28O2S2
Mol. Wt.: 388.59
 
 
1H: 1.32 (s, 3H), 1.38 (s, 3H), 1.96-2.08 (m, 2H, SCH2CH2), 2.10-2.20 (m, 1H, one 
of SCH2CH2), 2.28-2.38 (m, 1H, one of SCH2CH2), 2.70 (t, 1H, J=7.0 Hz, CH), 
3.65 (s, 3H, OCH3), 3.69 (s, 2H, PhCH2), 3.75 (d, 1H, J=12.0 Hz, one of PhCH2), 
3.79 (d, 1H, J=12.0 Hz, one of PhCH2), 7.16-7.37 (m, 10H). 
13C: 25.2 (CH3), 27.3 (CH3), 28.0 (SCH2CH2), 29.6 (SCH2), 33.1 (PhCH2), 36.0 
(PhCH2), 47.5 (Cq), 51.5 (OCH3), 53.4 (CH), 126.98 (CH) 127.00 (CH), 128.49 
(CH), 128.55 (CH), 128.9 (CH), 129.1 (CH), 137.8 (Cq), 138.3 (Cq), 174.0 (Cq). 
IR: 3062, 3028, 2965, 2948, 1731 (str), 1495, 1453, 1435, 1357, 1204, 1167, 
1116, 1029, 670. 
HRMS: MNa+ calc 411.1423, found 411.1412 (-2.7ppm). 
 
159 2-(2-(4-Methoxybenzylthio)ethyl)-3-methylbut-2-enoic acid and 
160 4-(4-Methoxybenzylthio)-2-(2-(4-methoxybenzylthio)propan-2-yl)butanoic 
acid 
 
MeO
S
O
OH
MeO
S
O
OH
S
OMe
C15H20O3S
Mol. Wt.: 280.38
C23H30O4S2
Mol. Wt.: 434.61  
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Were prepared as above using 4-methoxybenzyl thiol instead of benzyl thiol. 
 
1H: 1.86 (s, 3H), 2.12 (s, 3H), 2.45-2.55 (m, 2H), 2.55-2.65 (m, 2H), 3.71 (s, 2H), 
3.77 (s, 3H), 6.75-6.90 (m, 2H), 7.15-7.30 (m, 2H), 9-14 (br s, 1H). 
HRMS: 281.1209 (MH+ required: 281.1212, -1.07ppm). 
1H: 1.34 (s, 3H), 1.45 (s, 3H), 1.95-2.10 (m, 2H), 2.15-2.30 (m, 1H), 2.35-2.50 (m, 
1H), 2.65-2.80 (m, 1H), 3.67 (s, 2H), 3.72 (d, 1H, J=11.6 Hz), 3.77 (s, 3H). 3.78 (s, 
3H), 3.78 (d, 1H, J=11.6 Hz), 6.75-6.90 (m, 4H), 7.15-7.30 (m, 4H), 8-10 (br s, 1H). 
HRMS: 435.1660 (MH+ required: 435.1665, -1.15ppm). 
 
161 Methyl 2-(2-(4-methoxybenzylthio)ethyl)-3-methylbut-2-enoate and 
162 Methyl 4-(4-methoxybenzylthio)-2-(2-(4-methoxybenzylthio)propan-2-
yl)butanoate 
 
O
O
S
MeO
O
O
S
OMe
S
MeO
C16H22O3S
Mol. Wt.: 294.41
C24H32O4S2
Mol. Wt.: 448.64
 
1H: 1.79 (s, 3H), 1.99 (s, 3H), 2.40-2.50 (m, 2H), 2.50-2.60 (m, 2H), 3.69 (s, 2H), 
3.70 (s, 3H, OCH3), 3.79 (s, 3H, OCH3), 6.80-6.90 (m, 2H), 7.20-7.30 (m, 2H). 
13C: 22.3 (CH3), 23.2 (CH3), 30.15 (CH2), 30.24 (CH2), 35.6 (ArCH2S), 51.3 
(OCH3), 55.3 (OCH3), 113.8 (CH), 125.9 (Cq), 129.9 (CH), 130.4 (Cq), 145.5 (Cq), 
158.6 (Cq), 169.4 (Cq). 
IR: 2994, 2946, 2911, 2834, 1713, 1609, 1511, 1463, 1433, 1301, 1272, 1249, 
1212, 1174, 1155, 1071, 1035, 831. 
HRMS 295.1367 (MH+ required: 295.1369). 
 
1H: 1.32 (s, 3H), 1.38 (s, 3H), 1.95-2.10 (m, 2H, SCH2CH2), 2.10-2.25 (m, 1H, one 
of SCH2), 2.25-2.40 (m, 1H, one of SCH2), 2.72 (t, 1H, J = 7.6 Hz, CH), 3.66 (s, 
3H+2H, OCH3 + ArCH2), 3.71 (d, 1H, J = 7.2 Hz, one of ArCH2), 3.74 (d, 1H, J = 
7.2 Hz, one of ArCH2),3.776 (s, 3H, OCH3), 3.783 (s, 3H, OCH3), 6.75-6.90 (m, 
4H), 7.15-7.30 (m, 4H). 
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13C: 25.2 (CH3), 27.3 (CH3), 28.0 (SCH2CH2), 29.5 (SCH2), 32.4 (ArCH2), 35.3 
(ArCH2), 47.4 (Cq), 51.5 (OCH3), 53.3 (CH), 55.3 (OCH3), 55.3 (OCH3), 113.8 
(CH), 114.0 (CH), 129.5 (Cq), 129.5 (Cq), 130.0 (CH), 130.1 (CH), 158.57 (Cq), 
158.59 (Cq), 174.1 (Cq). 
IR: 2950, 2833, 1729, 1609, 1511, 1463, 1440, 1300, 1249, 1202, 1174, 1115, 
1034, 832. 
HRMS 449.1816 (MH+ required: 449.1821). 
HRMS: MNa+ calc. 471.1634, found 471.1623 (-2.5ppm). 
 
163 3-(2-(Benzylthio)propan-2-yl)dihydrofuran-2(3H)-one 
 
O O
HS
C14H18O2S
Mol. Wt.: 250.36
O O
SBn
CH3CN, K2CO3,
r.t. o.n.
+
 
 
Substrate (267 mg, 2.12 mmol), BnSH (473 mg, 3.48 mmol), K2CO3 (anhydrous, 
312 mg, 2.26 mmol) and CH3CN (2.0 ml) were stirred for 22 h at r.t. Filtration over 
Celite, rotavap, chromatography (6 g silica, 9Pet:1EtOAc+0.2%MeOH, 6 ml fore-
run, fractions 3 ml, product in 10-20) yielded clear colourless oil (487 mg, 1.94 
mmol, 92%). 
 
Rf (9Pet:1EtOAc+0.2%MeOH) = 0.30 (UV, MPA hot). 
1H: 1.44 (s, 3H), 1.64 (s, 3H), 2.20-2.35 (m, 1H, one of OCH2CH2), 2.35-2.50 (m, 
1H, one of OCH2CH2), 2.65 (t, 1H, J = 9.6 Hz, CH), 3.79 (d, 1H, J = 12.6 Hz, 
PhCH2), 3.81 (d, 1H, J = 12.6, PhCH2), 4.05-4.15 (m, 1H, one of OCH2), 4.25-4.35 
(m, 1H, one of OCH2), 7.20-7.35 (m, 5H). The coupling of the Bn-AB-dd varies with 
solvent. 
13C: 24.5 (CH3), 26.2 (OCH2CH2), 28.6 (CH3), 33.4 (PhCH2), 47.0 (Cq), 48.9 
(CH), 65.9 (OCH2), 127.1 (CH), 128.6 (CH), 129.0 (CH), 137.8 (Cq), 176.2 (Cq). 
IR: 2968, 2911, 1765, 1494, 1452, 1371, 1171, 1121, 1028, 714, 697. 
HRMS 273.0911 (MNa+ required: 273.0920; -0.91ppm). 
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164 3-[1-(4-Methoxybenzylsulfanyl)-1-methylethyl]dihydrofuran-2-one 
 
O O
HS
O
O O
S
O
+ CH3CN, r.t.
cat. K2CO3,
C15H20O3S
Mol. Wt.: 
280.38
 
Was prepared as 163 in 70% yield and 16% recovered starting material. 
 
1H: 1.44 (s, 3H), 1.63 (s, 3H), 2.20-2.35 (m, 1H, one of OCH2CH2), 2.35-2.50 (m, 
1H, one of OCH2CH2), 2.65 (t, 1H, J=9.4 Hz, CH), 3.76 (s, 2H, ArCH2), 3.89 (s, 3H, 
OCH3), 4.05-4.20 (m, 1H, one of OCH2), 4.25-4.35 (m, 1H, one of OCH2), 6.83 (d, 
2H, J=8.4 Hz), 7.24 (d, 2H, J=8.4 Hz). 
13C: 24.5 (CH3), 26.2 (OCH2CH2), 28.6 (CH3), 32.7 (ArCH2), 46.9 (Cq), 48.9 (CH), 
55.3 (OCH3), 65.9 (OCH2), 114.0 (CH), 129.5 (Cq), 130.1 (CH), 158.7 (Cq), 176.2 
(Cq). 
IR: 2968, 2934, 2911, 1765 (str), 1610, 1512, 1464, 1372, 1250, 1174, 1033, 836. 
HRMS: 303.1019 (MNa+ required: 303.1025; -2.1ppm). 
 
165 3-Benzylsulfanyl-3-methylbutyric acid 42 
 
OH
O
SH
OH
O
SBn
C12H16O2S
Mol. Wt.: 224.32
+
piperidine,
18h 110°C
 
 
3,3-Dimethylacrylic acid (1.05 g, 10.4 mmol), BnSH (2.01 g, 14.8 mmol) and 
piperidine (2.17 g, 25.5 mmol) were heated at 110°C for 18 h. NMR spectroscopy 
showed that 3% starting material was left. Aqueous workup and Kugelrohr-
distillation (200-210°C, 2 mbar) yielded product (2.15 g, 9.6 mmol, 92%) as clear 
colourless oil. 
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1H: 1.49 (s, 6H), 2.66 (s, 2H, CH2COOH), 3.82 (s, 2H, PhCH2), 7.15-7.40 (m, 5H). 
13C: 28.7 (CH3), 33.4 (PhCH2), 43.9 (Cq), 46.7 (CH2COOH), 127.1 (CH), 128.6 
(CH), 129.0 (CH), 137.5 (Cq), 175.7 (Cq). 
IR: 3085, 3063, 3029, ~3000 (br), 2967, 2930, 1707 (str), 1495, 1454, 1411, 1307, 
1230, 714, 697. 
HRMS: MNa+ calc. 247.0763, found 247.0761 (-0.74 ppm). 
Bp: 200-210°C / 2mbar (Kugelrohr). 
 
166 3,3-Dimethyl[1,2]dithiane-4-carboxylic acid 
 
O
OH
BnS
BnS
O
OH
S
S C7H12O2S2
Mol. Wt.: 192.3
1. 10 eq. Na, NH3, -78°C,
2.  tBuOH, 3. MeOH
4. aq. HCl
5. aq. KI•I2 85%
 
Ammonia (approximately 30 ml) was condensed and stirred magnetically at -78°C. 
Sodium (0.34 g, 15 mmol) was added in one piece, a deep blue colour developed 
after seconds. After 15min, substrate (397 mg, 1.06 mmol) in Et2O (3ml) was 
added. After 15min, tBuOH (3.0 ml) was added. After another 15 min, the solution 
was still dark blue; MeOH (3.0 ml) was added, which causes discolouration after 
about 30 s. After evaporation of the ammonia, water (5 ml) was added and the 
mixture was acidified to pH ~ 1 with 6M HCl. Extraction with DCM, rotary 
evaporation, dissolution in MeOH (5 ml), basification with 2M NaOH (0.5 ml) and 
addition of aq. KI•I2 until the mixture stayed brown. The mixture was diluted with 
water (20 ml) and extracted with DCM. The DCM-extract contained impure 
bibenzyl (52 mg). The aqueous phase was acidified and extracted with DCM to 
yield clear oil (176 mg, 0.92 mmol, 86%) that solidified to an off-white solid. 
 
Mp 87-91°C. 
Rf (4Pet:1EtOAc+0.2%AcOH) = 0.29 (MPA hot). 
1H: 1.41 (s, 3H), 1.71 (s, 3H), 2.05-2.25 (m, 2H), 2.70-3.00 (br m, 3H), 11 (br s, 
1H). 
13C: 21.2 (br, CH3), 26.6 (CH2), 28.1 (CH3), 32.3 (br, CH3), 42.3 (Cq), 54.5 (br, 
CH), 179.0 (Cq). 
HRMS 191.0206 (M-H- required: 191.0206, +-0 ppm). 
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166 3,3-Dimethyl[1,2]dithiane-4-carboxylic acid 
 
O O
S
S
OH
O
C7H12O2S2
Mol. Wt.: 192.3
Na2S•9H2O, S,
DMF, 18h 120°C
 
 
Na2S•9H2O (696 mg, 2.90 mmol), DMF (3.0 ml) and sulfur (93 mg, 2.90 mmol) 
were stirred o.n. at r.t. Substrate (255 mg, 2.02 mmol) was added and the mixture 
stirred for 18 h at 80°C, after which 1H-NMR spectroscopy showed that starting 
material was still left. After 18 h at 120°C only a trace of starting material was left. 
Aqueous workup, acid-base-extraction, twofold chromatography and acid-base-
extraction gave 96 mg wet crystalline solid (0.50 mmol, 25%) which was 
crystallized from petrol to give pure product (55 mg). Spectral data as above. 
 
188 3-Mercapto-3-methylbutyric acid 80 
 
OH
O
S
OH
O
SH
C5H10O2S
Mol. Wt.: 134.2
Na, NH3,
-78°C
 
 
Was prepared from the benzylthioether by reduction with sodium in ammonia (as 
166) in 98% crude yield. 
 
1H: 1.53 (s, 6H, CH3), 2.36 (br s, 1H, SH), 2.70 (s, 2H, CH2COO), 10.0 (br s, 1H, 
COOH). 
13C: 32.5 (CH3), 41.3 (Cq), 50.3 (CH2), 176.9 (Cq). 
IR: ~3000 (br), 2961, 2925, 2866, 2655, 2584, 1700 (str), 1433, 1405, 1367, 1271, 
1233, 957, 629. 
HRMS: M+ calc. 134.0396, found 134.0393 (-2.3 ppm). 
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189 3,3-Dimethyl[1,2]dithiane-4-carboxylic acid methyl ester 
 
S
S
O
O
C8H14O2S2
Mol. Wt.: 206.33 
 
Was prepared from 158 by reduction with sodium in ammonia, followed by 
oxidation, in 74% yield. 
 
1H: 1.33 (s, 3H), 1.69 (s, 3H), 1.95-2.05 (m, 1H), 2.10-2.25 (m, 1H), 2.70-3.00 (m, 
3H), 3.67 (s, 3H, OCH3). 
13C: 21.2 (CH3, broad), 26.8 (CH2), 28.2 (CH3), 32.9 (CH2, broad), 42.6 (Cq), 51.5 
(OCH3), 54.5 (CH, broad), 172.9 (Cq). 
HRMS: MNa+ calc. 229.0327, found 229.0324 (-1.5 ppm). 
IR: 2952, 2918, 1729 (str), 1434, 1312, 1250, 1204, 1156, 1024, 925. 
 
General procedure for reduction of carboxylic acids to alcohols with 
BH3•THF 
 
Substrate (2 mmol) was dissolved in THF (2 ml) and stirred at r.t. Borane (4 ml 1 
M in THF, 4mmol) was added dropwise. After evolution of gas ceased, the mixture 
was stirred for another 10 min. Then water (15 ml) and 6 M HCl (0.5 ml) were 
added and the alcohol extracted into DCM. Drying and rotary evaporation gives 
product in high yield and purity. 
 
216 (3,3-Dimethyl[1,2]dithian-4-yl)methanol 
 
S
S
OH
C7H14OS2
Mol. Wt.: 178.32
 
 
Was prepared by reduction of the acid with BH3•THF. Chromatography yielded 
pure product in 94% yield. 
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Rf (2petrol:1EtOAc+0.2%MeOH) = 0.45 (MPA hot). 
mp = 51-54°C. 
1H: 1.30-1.60 (br m, 6H), 1.65-1.95 (br m, 2H), 2.15-2.25 (m, 1H), 2.28 (br s, 1H, 
OH), 2.70-3.00 (br s, 2H), 3.10-3.60 (br s, 1H), 3.75-3.90 (m, 1H). 
13C: 21.9 (br), 26.7 (CH2), 28.0 (CH3), 33.7 (br), 43.6 (CH or CH3), 50.1 (br), 63.3 
(OCH2). 
IR: 3367 (br), 2960, 2926, 1704, 1455, 1409, 1365, 1131, 1060, 1029, 973. 
HRMS: MONa+ calc. 217.0327, found 217.0328 (+0.3 ppm) only a molecular ion 
peak for molecule with one additional oxygen was observed due to sulfur 
oxidation. 
 
General procedure for protection of primary alcohols as TBS-ether 
 
Substrate (2 mmol) and imidazole (2.5 mmol) were dissolved in DCM (3 ml) and 
stirred at r.t. TBSCl (3 mmol) was added. After 30min, water (3 ml) and 6M aq. HCl 
(0.5 ml) were added. Sep, dry, rotavap yielded product in high yield and purity. 
 
217 tert-Butyl-(3,3-dimethyl[1,2]dithian-4-ylmethoxy)dimethylsilane 
 
S
S
O
Si C13H28OS2Si
Mol. Wt.: 292.58
 
 
Was prepared from alcohol as in general procedure for TBS-protection. Crude 
yield 100% with small impurities, chromatography yielded 75% only slightly purer 
product. 
 
Rf (19petrol:1EtOAc+0.2%MeOH) = 0.59 (MPA hot) 
Broad signals in 1H and 13C-NMR spectra, not all signals could be assigned. 
1H: 0.04 (s, 6H, SiCH3), 0.88 (s, 9H, tBu), 1.30-1.60 (br m, 6H), 1.65-1.95 (br m, 
2H), 2.05-2.15 (m, 1H), 2.70-3.00 (br s, 2H), 3.10-3.50 (br s, 1H), 3.65-3.75 (m, 
1H). 
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13C: -5.3 (SiCH3), 18.3 (Cq), 25.7, 26.0 (C(CH3)3), 26.7 (br), 28.3 (CH3), 28.5, 
44.1, 50.5 (br), 63.8 (br). 
IR: 2955, 2928, 2857, 1712, 1472, 1463, 1363, 1256, 1097, 1050, 1005, 838, 776. 
 
218 3-(tert-Butyldimethylsilanyloxymethyl)-4-methylpentane-1,4-dithiol and 
219 3-Mercapto-2-(2-mercaptoethyl)-3-methylbutan-1-ol 
 
S
S
OTBS
C13H30OS2Si
Mol. Wt.: 294.59
SH
HS
OTBS
C7H16OS2
Mol. Wt.: 180.33
SH
HS
OH
LiAlH4, 
THF, r.t.
+
 
 
Substrate (375 mg, 1.27 mmol) was dissolved in THF (3 ml) and stirred at r.t. 
LiAlH4 (133 mg, 3.5 mmol) was added and the mixture was stirred o.n. Aqueous 
workup and chromatography yielded product (119 mg, 0.40 mmol, 32%) and free 
alcohol (130 mg, 0.72 mmol, 57%).  
 
Rf (19petrol:1EtOAc+0.2%MeOH) = 0.61 (MPA hot). 
1H: 0.055 (s, 3H, SiCH3), 0.059 (s, 3H, SiCH3), 0.89 (s, 9H, tBu), 1.37 (t, 1H, 
J=7.8 Hz, CH2SH), 1.42 (s, 6H), 1.55-1.65 (m, 1H, CH), 1.79 (s, 1H, CqSH), 1.75-
1.90 (m, 2H, SCH2CH2), 2.45-2.60 (m, 1H, one of SCH2), 2.65-2.85 (m, 1H, one of 
SCH2), 3.65-3.85 (m, 2H, OCH2). 
13C: -5.54 (SiCH3), -5.48 (SiCH3), 18.1 (SiCq), 24.0 (SCH2), 25.9 (SiC(CH3)3), 
28.2 (CH), 31.5 (CH3), 31.8 (CH3), 33.2 (SCH2CH2), 47.5 (SCq), 50.9 (CH), 63.0 
(CH2O). 
HRMS: 295.1583 (MH+ required: 295.1580, +1.0ppm). 
 
Rf (4petrol:1EtOAc+0.2%MeOH) = 0.27 (MPA hot). 
1H: 1.42 (s, 3H, CH3), 1.42 (t, 1H, J=7.8 Hz, CH2SH), 1.46 (s, 3H, CH3), 1.58-1.70 
(m, 1H, CH), 1.76-1.88 (m, 3H, SCH2CH2 + SH), 2.28 (br s, 1H, OH), 2.52-2.66 (m, 
1H), 2.72-2.86 (m, 1H), 3.81 (d, 2H, J=4.0 Hz, OCH2). 
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13C: 23.7 (SCH2), 31.79 (CH3), 31.83 (CH3), 32.5 (SCH2CH2), 47.3 (Cq), 50.6 
(CH), 62.6 (OCH2). 
IR: 3419 (br), 2966 (str), 2932, 2889, 2551, 1459, 1388, 1369, 1127, 1081, 1028. 
HRMS 198.0978 (MNH4+ required: 198.0981, -1.4ppm). 
 
191 2-Isopropylbutane-1,4-diol 
 
OO
SBn
C7H16O2
Mol. Wt.: 132.20
OHHO
1. 10eq. Na,
     NH3, -78°C, 
2. tBuOH, 
3. EtOH
~80%
 
Ammonia (approximately 20 ml) was condensed and stirred magnetically at -78°C. 
Sodium (0.43 g, 19 mmol) was added in one piece, a deep blue colour developed 
after seconds. After 15 min, substrate (238 mg, 0.95 mmol) in Et2O (3 ml) was 
added. After 5 min, tBuOH (2.0 ml) was added. After 30 min, EtOH was added to 
quench the reaction. Evaporation of ammonia, addition of water, acidification, 
addition of NaCl until this stayed undissolved and extraction with EtOAc gave a 
clear, very light yellow oil (111 mg, 0.84 mmol, 89%). The NMR spectrum of the 
crude product showed good agreement with literature 81, therefore no further 
purification or analysis was performed as it was not the expected product. 
 
If the substrate in Et2O was added first and the sodium second, the blue 
colouration developed after about 2 min and was discharged with MeOH after 30 
min. Workup as before gave a crude product with a similar NMR spectrum. 
 
1H: 0.87 (d, 3H, J = 7.2 Hz, CH3), 0.89 (d, 3H, J = 7.6 Hz, CH3), 1.3-1.9 (m, 4H), 
3.50 (dd, 1H, J = 10.6 + 7.8 Hz), 3.55-3.70 (m, 2H), 3.70-3.85 (m, 1H), 4.5 (br s, 
2H). 
13C: 19.3 (CH3), 19.9 (CH3), 29.6 (CH), 32.9 (CH2), 45.5 (CH), 61.6 (OCH2), 64.7 
(OCH2). 
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192 2-(2-(Benzylthio)propan-2-yl)butane-1,4-diol 
 
O O
SBn C14H22O2SMol. Wt.: 254.39
OH
S
HO
1. LiAlH4, THF,
    0°C -> r.t., 1h
2. aq. workup
 
 
Substrate (243 mg, 0.97 mmol) was dissolved in THF (5 ml) and stirred at 0°C 
under nitrogen. LiAlH4 (1.0 ml 1.0 M in THF, 1.0 mmol) was added, a vigorous 
evolution of gas occurred and ceased after some seconds. After 1 h, workup with 
aq. HCl, extraction, drying, rotavap gave product (245 mg, 0.96 mmol, 99%) with 
small impurities as clear colourless oil. 
 
1H: 1.35 (s, 3H, CH3), 1.37 (s, 3H, CH3), 1.48-1.62 (m, 1H, one of OCH2CH2), 
1.70-1.80 (m, 1H, CH), 2.02-2.12 (m, 1H, one of OCH2CH2), 3.01 (br s, 2H, OH), 
3.55-3.65 (m, 2H, one of OCH2CH and one of OCH2CH2), 3.79 (d, 1H, J = 12.8 Hz, 
PhCH2), 3.82 (d, 1H, J = 12.8 Hz, PhCH2), 3.78-3.86 (m, 1H, one of OCH2CH2), 
4.00 (dd, 1H, J = 11.0 + 3.8 Hz, one of OCH2CH). 
13C: 26.5 (CH3), 27.2 (CH3), 32.9 (CH2), 48.0 (Cq), 49.2 (CH), 62.2 (OCH2CH2), 
63.7 (OCH2CH), 127.0 (CH), 128.6 (CH), 129.0 (CH), 138.1 (Cq). 
IR: 3328 (br), 3026, 2961, 2930, 2882, 1601, 1493, 1452, 1367, 1029, 713, 696.  
HRMS: MNa+ calc. 277.1233, found 277.1229 (-1.24ppm). 
 
225 (4S,5S)-5-((tert-Butyldimethylsilyloxy)methyl)-4-methyldihydrofuran-
2(3H)-one 
 
O O
OTBS
O O
OTBS
C12H24O3Si
Mol. Wt.: 244.40
1. Me2CuLi•LiI,
    TMSCl, THF, -78°C
2. aq. NH4Cl/NH3
 
CuI (1.43 g, 7.53 mmol, purified by precipitation from its solution in an aqueous 
solution of KI 82 ) was suspended in 20 ml Et2O and stirred at -30°C. MeLi (10 ml 
1.5 M in Et2O, 15 mmol) was added over some minutes. The mixture became 
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bright yellow turbid and then clear colourless with yellow lumps. After stirring for 
25min, only traces of solid remained. The mixture was cooled to -78°C. TMSCl 
(0.95 ml, 7.5 mmol) was added and after two minutes substrate (1.14g prepared 
according to lit 57 , 4.97 mmol in 5 ml THF,) was added dropwise. A yellowish 
turbid precipitate formed. After two hours, the cooling bath was removed and sat. 
aq NH4Cl (10 ml) was added. 28% aq NH3 (5 ml) was added, which caused 
complete dissolution of all suspended solid to form two clear colourless layers (the 
aqueous layer turned blue on contact with air). Separation of phases, extraction of 
aq ph with Et2O, drying of the combined org ph over MgSO4 and rotary 
evaporation gave product (1.17 g, 96%) with only traces of impurities. 
 
1H: 0.07 (d, 6H, J = 2.4 Hz, 2xMe), 0.89 (s, 9H, tBu), 1.17 (d, 3H, J = 7.2 Hz, 
CHCH3), 2.14 (dd, 1H, J = 17.6 + 6.8 Hz, one of CH2COO), 2.45-2.60 (m, 1H, 
CHCH3), 2.77 (dd, 1H, J = 17.6 + 8.8 Hz, one of CH2COO), 3.73 (dd, 1H, J = 11.2 
+ 3.2 Hz, one of OCH2), 3.85 (dd, 1H, J = 11.6 + 3.2 Hz, one of OCH2), 4.10 (m, 
1H, OCH). 
 
226 (3R,4S,5S)-5-((tert-Butyldimethylsilyloxy)methyl)-3-(2-hydroxypropan-2-
yl)-4-methyldihydrofuran-2(3H)-one 
 
O O
OTBS
C15H30O4Si
Mol. Wt.: 302.48
O O
OTBS
OH
1. LDA, THF, -78°C
2. acetone
3. aq. NH4Cl
 
 
iPr2NH (259 mg, 2.56 mmol) was dissolved in THF (4 ml) and stirred at -20°C. 
nBuLi (1.0 ml 2.4 M in hexanes, 2.4 mmol) was added and the mixture was stirred 
40min at -20°C to -10°C and then cooled to -78°C. Substrate (378 mg, 1.55 mmol) 
in THF (3ml) was added. After 40min, acetone (1.0 ml, 14 mmol) was added. After 
1h, the bath was removed and sat. aq NH4Cl (1ml) was added. Sep, extr, drying, 
rotavap yielded crude product (596 mg), which gave no spots on TLC using 
different staining methods. Therefore, gradient elution was used for 
chromatography. The substance in ~0.7 ml CDCl3 was added on a column of silica 
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(6g) equilibrated with petrol. Elution with each 10ml Petrol, 9Pet/1EtOAc, 
8Pet/2EtOAc, 7Pet/3EtOAc, 6Pet/4EtOAc, 5Pet/5EtOAc gave product (419 mg, 
1.39 mmol, 89%) in the fractions eluted with 7:3 and 6:4. as a single diastereomer 
(in 1H-NMR spectroscopy). 
 
1H: 0.08 (d, 6H, J = 5.6 Hz, 2xMe), 0.90 (s, 9H, tBu), 1.24 (d, 3H, J = 6.0 Hz, 
CH3CH), 2.27 (s, 3H, CH3), 1,30 (s, 3H, CH3), 2.3-2.5 (m, 2H, CHCOO and 
CHCH3), 3.74 (dd, 1H, J = 11.8 + 3.4 Hz, one of OCH2), 3.91 (dd, 1H, J = 11.6 + 
3.2 Hz, one of OCH2), 3.50-4.10 (m, 1H, OCH). 
13C: -5.5 (SiCH3), -5.3 (SiCH3), 18.3 (SiCq), 18.7 (CHCH3), 25.6 (CqCH3), 25.8 
(C(CH3)3), 28.1 (CqCH3), 33.6 (CHCH3), 58.0 (CHCOO), 61.9 (OCH2), 71.5 (OCq), 
85.0 (OCH), 178.6 (Cq). 
IR: 3497, 2929, 2857, 1754, 1253, 1188, 1125, 1002, 837, 779. 
 
228 (4S,5S)-5-((tert-Butyldimethylsilyloxy)methyl)-4-methyl-3-(propan-2-
ylidene)dihydrofuran-2(3H)-one 
 
O O
OTBS
OH
O
OTBS
O O
OTBS
SOCl2,
pyridine,
DCM, 0°C
DBU, DCM, r.t., o.n.
90% (chrom.)
+
C15H28O3Si
Mol. Wt.: 
284.47
 
Substrate (491 mg, 1.62 mmol) was dissolved in DCM (3 ml) and pyridine (0.75 
ml, 9.3 mmol) was added. The mixture was stirred at 0°C and SOCl2 (0.35 ml, 3.4 
mmol) was added. After 15 min at 0°C and 15 min at r.t., the mixture was 
quenched with water (4 ml). Sep, extr, dry, rotavap yielded clear light yellow (466 
mg, 1.64 mmol, 101%). NMR: mixture of ~ 3 isopropylidene : 1 isopropylene. The 
mixture was dissolved in DCM (3 ml) and DBU (140 mg, 0.92 mmol) was added. 
After 14h at r.t., only the conjugated isomer was detected by NMR. 
Chromatography yielded pure product (414 mg, 1.46 mmol, 90%). 
 
Rf (9Pet:1EtOAc+0.2%MeOH) = 0.50 (UV med, MPA hot weak, KMnO4). 
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Mp: 46-49°C. 
1H: 0.03 (s, 3H, SiMe), 0.04 (s, 3H, SiMe), 0.84 (s, 9H, But), 1.20 (d, 3H, J = 7.2 
Hz, CHCH3), 1.90 (s, 3H, CH3), 2.22 (m, 3H, CH3), 3.04 (m, 1H, CHCH3), 3.66 (d, 
2H, J = 4.0 Hz, OCH2), 4.04 (m, 1H, OCH). 
13C: -5.60 (SiCH3), -5.56 (SiCH3), 18.0 (SiCq), 19.9 (CH3), 20.0 (CH3), 23.6 
(=CCH3), 25.6 (C(CH3)3), 36.1 (CHCH3), 64.5 (OCH2), 82.9 (OCH), 125.8 (Cq), 
148.9 (Cq), 170.1 (Cq). 
 
(4S,5S)-5-(Hydroxymethyl)-4-methyl-3-(propan-2-ylidene)dihydrofuran-2(3H)-
one 
 
O O
TBSO
O O
HO
C9H14O3
Mol. Wt.: 170.21
TBAF,
THF, r.t.
 
 
Substrate was dissolved in THF and TBAF (1.0 M solution in THF) was added and 
the mixture kept at r.t. Aqueous workup gave product in high yield and purity. 
 
1H: 1.23 (d, 3H, J=7.2 Hz, CHCH3), 1.93 (s, 3H, CH3), 2.25 (d, 3H, J=1.2 Hz, 
CH3), 2.85-3.00 (m, 1H, CHCH3), 3.27 (t, 1H, J=6.0 Hz, OH), 3.55-3.65 (m, 1H, 
one of OCH2), 3.65-3.75 (m, 1H, one of OCH2), 4.05-4.15 (m, 1H, OCH). 
13C: 19.8 (CH3), 20.2 (CH3), 23.8 (=CCH3), 35.7 (CHCH3), 64.3 (OCH2), 83.6 
(OCH), 124.8 (Cq), 151.3 (Cq), 170.4 (Cq). 
IR: 3423 (br), 2963, 2931, 2873, 1744 (str), 1663, 1444, 1373, 1267, 1192, 1079, 
1029, 920, 783. 
HRMS: MNa+ calc 193.0835, found 193.0831 (-2.0ppm). 
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229 (4S,5S)-5-(Iodomethyl)-4-methyl-3-(propan-2-ylidene)dihydrofuran-2(3H)-
one 
 
O O
HO
O O
I
C9H13IO2
Mol. Wt.: 280.1
Ph3P, Imidazole,
I2, DCM r.t. 1h
 
Ph3P (528 mg, 2.02 mmol) and imidazole (147 mg, 2.16 mmol) were dissolved in 
DCM (6 ml) and stirred at 0°C. Iodine (507 mg, 2.00 mmol) was added, followed 
by a solution of substrate in DCM. Aqueous workup left a mixture of product and 
Ph3PO, that can be used directly for the following thioetherification and Michael 
addition. Chromatography with 1petrol:1EtOAc+0.2%MeOH yields pure product in 
93% yield. 
 
Rf (1petrol:1EtOAc+0.2%MeOH) = 0.88 (UV, KMnO4). 
1H: 1.25 (d, 3H, J=7.2 Hz, CHCH3), 1.94 (s, 3H, CH3), 2.25 (d, 3H, J=1.2 Hz, 
CH3), 2.98-3.08 (m, 1H, CHCH3), 3.11 (dd, 1H, J=8.6 Hz+10.2 Hz, one of ICH2), 
3.32 (dd, 1H, J=4.2 Hz+10.2 Hz, one of ICH2), 4.16 (dt, 1H, J=4.0 Hz+4.4 Hz, 
OCH) 
13C: 7.6 (ICH2), 20.1 (CHCH3), 20.3 (=CCH3), 23.9 (=CCH3), 39.4 (CHCH3), 81.6 
(OCH), 124.0 (Cq), 152.4 (Cq), 169.0 (Cq). 
IR: 2961, 2926, 1745 (str), 1663, 1439, 1371, 1265, 1189, 1049, 1000, 954, 778. 
HRMS: MNa+ calc: 302.9852 found: 302.9858 (+2.0ppm). 
 
232 (3S,4S,5S)-5-((Benzylthio)methyl)-3-(2-(benzylthio)propan-2-yl)dihydro-4-
methylfuran-2(3H)-one 
 
O O
I
O O
BnS
SBn
C23H28O2S2
Mol. Wt.: 400.60
BnSH neat,
K2CO3, r.t., 9d
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Substrate (125 mg, 0.45 mmol), BnSH (429 mg, 3.15 mmol) and K2CO3 (159 mg, 
1.15 mmol) were stirred at room temperature in a small closed flask (to prevent 
oxidation of the thiol to the disulfide). Williamson thioetherification is fast, Michael 
addition slow. After 68 h, NMR spectroscopy showed a ratio of S2:S1 about 2:1, 
after 111 h about 20:1. After 9 days, the mixture was poured onto a column (6 g 
silica) and eluted with 9Petrol:1EtOAc+0.2%MeOH. After 18 ml fore-run, fractions 
of 3 ml were collected. Fr. 7-9 47 mg S2:S1 about 17:1, 10-12 88 mg pure S2, 13-
15 12 mg pure S2. Combined yield 147 mg (0.37 mmol, 82%). Only one 
diastereomer seen in NMR spectroscopy. 
 
1H: 1.21 (d, 3H, J = 6.4 Hz, CHCH3), 1.51 (s, 3H, CH3), 1.55 (s, 3H, CH3), 2.30-
2.38 (m, 1H, CHCOO), 2.38-2.50 (m, 1H, CHCH3), 2.69 (m, 2H, SCH2), 3.65-3.85 
(m, 4H, PhCH2), 3.90-4.00 (m 1H, OCH), 7.15-7.35 (m, 10H). 
13C: 20.7 (CHCH3), 26.0 (CqCH3), 29.3 (CqCH3), 33.4 (PhCH2), 34.4 (SCH2), 36.9 
(PhCH2), 38.0 (CHCH3), 47.8 (Cq), 57.6 (CHCOO), 83.9 (OCH), 127.1 (CH), 127.2 
(CH), 128.61 (CH), 128.62 (CH), 129.1 (CH), 129.2 (CH), 137.3 (Cq), 137.8 (Cq), 
175.4 (Cq). 
HRMS: MNa+ calc: 423.1423 found: 423.1416 (-1.7ppm). 
 
233 (3S,4S,5S)-5-(4-Methoxybenzylsulfanylmethyl)-3-[1-(4-
methoxybenzylsulfanyl)-1-methylethyl]-4-methyldihydrofuran-2-one 
 
O O
S
O
S
O
C25H32O4S2
Mol. Wt.: 460.65  
 
Was prepared as above using PMBSH instead of benzyl thiol. 
 
1H: 1.23 (d, 3H, J=6.8 Hz, CHCH3), 1.52 (s, 3H, CH3), 1.55 (s, 3H, CH3), 2.36 (d, 
1H, J=8.4 Hz, CHCOO), 2.38-2.41 (m, 1H, CHCH3), 2.64-2.76 (m, 2H, SCH2), 
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3.65-3.85 (m, 10H, OCH3 and ArCH2), 3.90-4.05 (m, 1H, OCH), 6.75-6.85 (m, 4H), 
7.15-7.25 (m, 4H). 
13C: 20.8 (CHCH3), 25.9 (CqCH3), 29.3 (CqCH3), 32.8 (ArCH2), 34.3 (OCHCH2), 
36.3 (ArCH2), 38.0 (CHCH3), 47.7 (Cq), 55.3 (2*OCH3), 57.6 (CHCOO), 83.9 
(OCH), 114.00 (CH), 114.02 (CH), 129.2 (Cq), 129.7 (Cq), 130.18 (CH), 130.24 
(CH), 158.7 (Cq), 158.8 (Cq), 175.4 (Cq). 
HRMS: MNa+ calc. 483.1634, found 483.1623 (-2.3 ppm). 
IR: 2962, 2933, 2836, 1765, 1610, 1512, 1464, 1302, 1249, 1175, 1034, 834. 
 
222 5-Methylenehept-6-en-2-ol (similar to 83) 
 
C8H14O
Mol. Wt.: 126.20
OH
1. KDA, THF, -78°C
2. propylene oxide
3. aq. H2SO4
 
 
KOtBu (3.78 g, 34 mmol), iPr2NH (3.41 g, 34 mmol) and THF (30 ml) were stirred 
at r.t. under nitrogen until the KOtBu had dissolved. The solution was cooled to -
78°C and nBuLi (16 ml 2.1 M in hexanes, 34 mmol) was added. The mixture 
turned yellow to orange. After 15min, isoprene (6.0 ml, 60 mmol) was added, the 
mixture turned red. After 5min, propylene oxide (3.0 ml, 43 mmol) was added. 
After 30 min, the bath was removed and sat. aq. KHSO4 (10 ml) was added, the 
phases were separated and the organic phase was washed with 20% aq H2SO4 
(10 ml). Extraction of the aqueous phases with EtOAc, drying of the combined 
organic phases and rotary evaporation (60°C, 50 mbar to prevent loss of product) 
gave crude product (2.49 g, 19.8 mmol, 58% based on KOtBu) containing 
unknown impurities, EtOAc and THF as clear yellow liquid. Kugelrohr-distillation 
(30 mbar, 120-125°C oven-temp) gave product with impurities (1.84 g, 14.6 mmol, 
43%) as clear very light yellow liquid. Chromatography gave pure product. 
 
Rf (7Petrol:1EtOAc+0.2%MeOH) : 0.36 (MPA hot). 
1H: 1.23 (d, 3H, J = 6.0 Hz, CH3), 1.55-1.75 (m, 2H, OCHCH2), 2.18-2.31 (m, 1H, 
one of CqCH2), 2.31-2.45 (m, 1H, one of CqCH2), 3.85 (m, 1H, OCH), 5.03 (s, 2H, 
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Cq=CH2), 5.08 (dd, 1H, 10.8 + 0.8 Hz, one of CH=CH2), 5.26 (d, 1H, J = 18 Hz, 
one of CH=CH2), 6.38 (dd, 1H, 17.6 + 10.8 Hz, -CH=). 
13C: 23.6 (CH3), 27.6 (CqCH2), 37.6 (OCHCH2), 67.9 (OCH), 113.4 (=CH2), 115.8 
(=CH2), 138.7 (CH), 146.1 (Cq). 
IR: 3359 (br), 3088, 3003, 2965, 2930, 1741, 1725, 1633, 1594, 1460, 1373, 1253, 
1129, 1081, 991, 895. 
MS: no molecular ion found. 
 
34 5-Methylenehept-6-en-2-one 
 
OH C8H12O
Mol. Wt.: 124.18
O
1. (COCl2)2,
    DMSO,
    
    DCM, -78°C
2. Et3N
 
 
Oxalyl chloride (3.0 ml, 34 mmol) in DCM (50 ml) was stirred at -72°C. DMSO (5.0 
ml, 70 mmol) was added dropwise over 3 min. Gas evolved and a white foam 
formed. After 15 min, substrate (17.2 mmol) in DCM (5 ml) was added. After 30 
min, triethylamine (10 ml, 72 mmol) was added dropwise over 3 min. After 20 min, 
the cooling bath was removed and the mixture was warmed to r.t.: yellowish turbid. 
Water (20 ml) was added and the mixture was acidified with HCl. Sep ph, extr, dry, 
rotavap yielded  crude product as clear yellow liquid (2.18 g, 17.5 mmol, 102%). 
Kugelrohr-distillation (100 mbar, 140-160°C oven) yielded product as a clear light 
yellow liquid (1.58 g, 12.7 mmol, 74%), NMR spectroscopy showed product with 
minor impurities. 
 
Even the distilled substance smelt unpleasant; filtration over a small amount of 
Raney-Nickel removed the smell, but caused decomposition. Oxidation with PDC 
or PCC in DCM at r.t. gave about 80% yield in several repetitions. 
 
Rf (9Petrol:1EtOAc+0.2%MeOH) : 0.48 (MPA hot). 
1H: 2.17 (s, 3H, CH3), 2.45-2.55 (m, 2H, CH2), 2.60-2.70 (m, 2H, CH2), 5.01 (d, 
2H, J = 20.8 Hz, Cq=CH2), 5.09 (dd, 1H, 10.8 + 0.4 Hz, one of CH=CH2), 5.23 (d, 
1H, J = 17.6 Hz, one of CH=CH2), 6.38 (dd, 1H, 17.6 + 10.8 Hz, -CH=). 
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172 Dihydro-3-(2-hydroxy-5-methylenehept-6-en-2-yl)furan-2(3H)-one 
 
O
O
O
O
OH
C12H18O3
Mol. Wt.: 210.27
1. LDA, THF, -78°C
2. RCOCH3
3. aq. HCl
 
 
iPr2NH (732 mg, 7.2 mmol) was dissolved in THF (10 ml) and stirred at -20°C 
under nitrogen. nBuLi (2.8 ml 2.3 M in hexanes, 6.4 mmol) was added. After 40 
min the mixture was cooled to -78°C and γ-butyrolactone (522 mg, 6.06 mmol) 
was added dropwise. After 30 min, substrate (695 mg, 5.60 mmol) was added 
dropwise. After 1.5 h, the bath was removed, sat. aq NH4Cl (5 ml) and 6 M aq HCl 
(2 ml) were added (pH of aq ph ~1). Phases were separated, the aqueous phase 
was extracted with 3x3 ml EtOAc, the combined org ph were dried over MgSO4 
and evaporated to give  clear light brown liquid (1.12 g). Column chromatography 
(50 g silica gel, 2Petrol:1EtOAc+0.2%MeOH, from fraction 12 on 
3Petrol:2EtOAc+0.2%MeOH, 100ml fore-run, fractions 15ml) gave the main 
diastereomer (686 mg, 3.26 mmol, 58%) in fractions 6-13 and the minor 
diastereomer (229 mg, 1.09 mmol, 19%) in fractions 15-24. 
 
Major diastereomer: 
Rf (9Petrol:1EtOAc+0.2%MeOH) = 0.42 (MPA hot). 
1H: 1.26 (s, 3H, CH3), 1.6-1.8 (m, 2H, CH2), 2.0-2.15 (m,1H), 2.25-2.38 (m, 2H), 
2.38-2.5 (m, 1H), 2.83 (dd, 1H, J = 11.6 + 9.2 Hz, CHCOO), 3.0-4.0 (br s, 1H, OH), 
4.22 (m, 1H, one of OCH2), 4.39 (m, 1H, one of OCH2), 5.03 (s, 2H, Cq=CH2), 5.09 
(dd, 1H, 10.8 + 0.8 Hz, one of CH=CH2), 5.29 (d, 1H, J = 18 Hz, one of CH=CH2), 
6.38 (dd, 1H, 17.6 + 10.8 Hz, -CH=). 
13C: 23.2 (CH3), 25.0 (CH2), 25.4 (CH2), 39.1 (CH2), 47.9 (CHCOO), 66.4 (OCH2), 
72.4 (Cq), 113.6 (=CH2), 115.9 (=CH2), 138.6 (-CH=), 146.2 (Cq), 179.3 (Cq). 
IR: 3504 (br), 3086, 2973, 1753, 1594, 1462, 1377, 1173, 1024, 899. 
 
Minor diastereomer: 
Rf (9Petrol:1EtOAc+0.2%MeOH) = 0.27 (MPA hot). 
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1H: 1.36 (s, 3H, CH3), 1.65-1.8 (m, 2H, CH2), 2.1-2.29 (m, 2H), 2.29-2.40 (m, 1H), 
2.40-2.55 (m, 1H), 2.80 (m, 1H, OCH), 3.0-3.5 (br s, 1H, OH), 4.3 (m, 1H, one of 
OCH2), 4.4 (m, 1H, one of OCH2), 5.02 (d, 2H, J = 4.4 Hz, Cq=CH2), 5.09 (d, 1H, J 
= 11 Hz, one of CH=CH2), 5.26 (d, 1H, J = 17.6 Hz, one of CH=CH2), 6.37 (dd, 1H, 
J = 17.6 + 11 Hz, -CH=). 
13C: 24.8 (CH3), 25.0 (CH2), 25.2 (CH2), 36.5 (CH2), 49.5 (CHCOO), 66.4 (OCH2), 
72.6 (Cq), 113.5 (=CH2), 115.9 (=CH2), 138.6 (-CH=), 146.2 (Cq), 178.5 (Cq). 
IR: 3474 (br), 2975, 1760, 1670, 1594, 1377, 1172, 1029, 898. 
 
Dihydro-3-(5-methylenehept-6-en-2-ylidene)furan-2(3H)-one 
 
O
O
O
O
OH
1. Pyridine, SOCl2,
    DCM, 0°C
2. aq. HCl
C12H16O2
Mol. Wt.: 192.25
 
 
Substrate (636 mg, 3.02 mmol) was dissolved in DCM (6 ml) and stirred at 0°C. 
First, pyridine (0.75 ml, 9 mmol) and then, SOCl2 (0.3 ml, 4 mmol) were added 
dropwise. After 15 min, water (20 ml) was added. The aqueous phase was 
acidified with conc. HCl to pH = 1. Phases were sep, extr 2x2 ml DCM, MgSO4, 
rotavap, 589 mg crude. Chromatography (6 g silica, 4Petrol:1EtOAc+0.2%MeOH, 
12 ml fore-run, fract 3 ml), gave product with minor impurities (551 mg, 2.87 mmol, 
95%) in fract 1-7. NMR-spectroscopy showed only one diastereomer. 
 
Rf (4Petrol:1EtOAc+0.2%MeOH) = 0.52 (MPA hot). 
1H: 1.91 (t, 3H, J = 1.8 Hz, CH3), 2.25-2.45 (m, 2H), 2.8-3.0 (m, 4H), 4.31 (t, 2H, J 
= 7.4 Hz, OCH2), 5.04 (d, 2h, J = 8.0 Hz, Cq=CH2), 5.10 (d, 1H, J = 10.8 Hz, one 
of CH=CH2), 5.37 (d, 1H, J = 17.6 Hz, one of CH=CH2), 6.38 (dd, 1H, J = 17.6 + 
10.8 Hz, -CH=). 
 
The other tert-alcohol diastereomer gave the other olefinic diastereomer. 
Rf (4Petrol:1EtOAc+0.2%MeOH) = 0.45 (MPA hot). 
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1H: 2.27 (t, 3H, J = 2.2 Hz), 2.30-2.45 (m, 4H), 2.80-2.95 (m, 2H), 4.28 (t, 2H, J = 
7.4 Hz, OCH2), 5.02 (d, 2H, J = 25.2 Hz, Cq=CH2), 5.12 (d, 1H, J = 10.8 Hz, one of 
CH=CH2), 5.25 (d, 1H, J = 17.6 Hz, one of CH=CH2), 6.38 (dd, 1H, J = 17.6 + 10.8 
Hz, -CH=). 
13C: 17.5 (CH3), 27.3 (CH2), 28.4 (CH2), 37.0 (CH2), 64.3 (OCH2), 113.5 (=CH2), 
116.6 (=CH2), 119.1 (Cq), 138.4 (-CH=), 144.9 (Cq), 153.1 (Cq), 170.7 (Cq). 
 
General procedure for oxidation of sulphides to sulfoxides 
 
Substrate (1.0 mmol) was dissolved in MeOH (2 ml). One drop of 6M aq. HCl was 
added. H2O2 (30%aq., 152 mg, 1.34 mmol) was added. The reaction was 
complete after 15 min at r.t. Aqueous workup gave good yield of product in good 
purity. Acetic acid was used as solvent in some cases (without addition of aq. 
HCl), however we later found that MeOH/cat. HCl was more convenient. 
 
206 3-Methyl-3-phenylmethanesulfinylbutyric acid 
 
OH
O
SBn
OH
O
S
O
C12H16O3S
Mol. Wt.: 240.32
aq. H2O2,
AcOH
 
 
1H: 1.468 (s, 3H, CH3), 1.474 (s, 3H, CH3), 2.69 (d, 1H, J=14.8 Hz), 2.82 (d, 1H, 
J=14.8 Hz), 3.82 (d, 1H, J=12.8 Hz), 3.93 (d, 1H, J=12.8 Hz), 7.30-7.45 (m, 5H), 
10.2 (br s, 1H, COOH). 
13C: 20.4 (CH3), 21.5 (CH3), 41.0 (CH2), 52.5 (CH2), 55.5 (Cq), 128.4 (CH), 129.0 
(CH), 130.2 (CH), 130.8 (Cq), 173.7 (Cq). 
HRMS: MNa+ calc. 263.0712, found 263.0710 (-0.73 ppm). 
Mp: 128-129°C. 
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207 4,4-Dimethyl-2-phenyl[1,3]oxathian-6-one 
 
OH
O
S
O
S
O
O
C12H14O2S
Mol. Wt.: 222.3Ac2O,
AcOH
 
 
Substrate (28.7 mg) and Ac2O (0.86 g) were kept at 60°C for 14 h, after which 1H-
NMR spectroscopy showed complete conversion. The substance was stable in 
Ac2O/AcOH, but after removal of these by rotary evaporation, decomposition set in 
(despite residual Ac2O and AcOH). 
 
1H: 1.48 (s, 3H, CH3), 1.63 (s, 3H, CH3), 2.75 (d, 1H, J=14.8 Hz, one of CH2), 2.96 
(d, 1H, J=14.8 Hz, one of CH2), 6.53 (s, 1H, PhCH), 7.30-7.60 (m, 5H). 
13C: 32.5 (CH3), 32.6 (CH3), 43.7 (Cq), 45.7 (CH2), 81.3 (CH), various aromatic 
signals, 170.8 (Cq). 
 
208 3-[(2-Carboxy-1,1-dimethylethylsulfanyl)-phenylmethylsulfanyl]-3-
methylbutyric acid 
 
OH
O
SH
S S OH
O
HO
O
C17H24O4S2
Mol. Wt.: 356.5
PhCHO,
cat. pTosOH,
CDCl3
 
Substrate (31.3 mg, 0.234 mmol) was dissolved in CDCl3 (1.18 g). PhCHO (38.5 
mg, 0.363 mmol) and pTosOH•H2O (8.5 mg, 0.045 mmol) were added. After one 
day at 60°C, only a small amount of starting material was left (by 1H-NMR 
spectroscopy), which did not react when heating was prolonged. 
 
Mp: 128-129°C. 
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1H: 1.27 (s, 6H, CH3), 1.39 (s, 6H, CH3), 2.75 (d, 2H, J=14.6 Hz, CH2COO), 2.88 
(d, 2H, J=14.6 Hz, CH2COO), 5.37 (s, 1H, PhCH), 7.26 (t, 1H, J=7.4 Hz), 7.33 (t, 
2H, J=7.4 Hz), 7.47 (d, 2H, J=7.2 Hz), 10-14 (br s, 1H). 
13C: 28.7 (CH3), 29.2 (CH3), 46.9 (CH2), 47.0 (Cq), 48.8 (CH), 127.5 (CH), 127.9 
(CH), 128.9 (CH), 142.4 (Cq), 178.1 (Cq). 
HRMS: MNa+ calc. 379.1008, found 379.1009 (+0.14 ppm). 
 
209 3-Methyl-3-phenylmethanesulfinylbutyric acid methyl ester 
 
OH
O
S
O
O
O
S
O
C13H18O3S
Mol. Wt.: 254.35
CH2N2, Et2O,
0°C, 5min
 
 
Was prepared from the acid by esterification with diazomethane. 
 
1H: 1.43 (s, 3H, CH3), 1.45 (s, 3H, CH3), 2.61 (d, 1H, J=14.4 Hz), 2.75 (d, 1H, 
J=14.4 Hz), 3.66 (d, 1H, J=12.4 Hz), 3.72 (s, 3H, OCH3), 3.89 (d, 1H, J=12.4 Hz), 
7.28-7.42 (m, 5H). 
13C: 20.2 (CH3), 20.9 (CH3), 40.0 (CH2), 51.9 (OCH3), 52.9 (CH2), 55.5 (Cq), 
128.2 (CH), 128.9 (CH), 130.1 (CH), 131.5 (Cq), 170.6 (Cq). 
IR: large water peak, 1735, 1211, 1039 (str). 
HRMS: MNa+ calc. 277.0869, found 277.0864 (-1.66ppm). 
 
209 3-Methyl-3-phenylmethanesulfinyl-butyric acid methyl ester 
 
S
OH
O
O
S
O
O
O
C13H18O3S
Mol. Wt.: 254.35
MeOH,
I2
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Substrate (25.1 mg, 0.105 mmol) was dissolved in MeOH (0.75 ml). Iodine (31.1 
mg, 0.122 mmol) was added. After 4 h at 65°C, complete conversion was 
observed by 1H-NMR spectroscopy. Aqueous workup yielded a clear colourless oil 
(24 mg, 0.094 mmol, 90%). Spectral data identical to those obtained by 
esterification with diazomethane. 
 
3-Benzylsulfanyl-3-methylbutan-1-ol 
 
S OH
C12H18OS
Mol. Wt.: 210.34
 
 
Was prepared from the acid by reduction with borane in THF. 
1H: 1.36 (s, 6H, CH3), 1.85 (t, 2H, J=6.4 Hz, OCH2CH2), 2.23 (br s, 1H, OH), 3.77 
(s, 2H, PhCH2), 3.82 (t, 2H, J=6.4 Hz, OCH2), 7.18-7.38 (m, 5H). 
13C: 29.4 (CH3), 33.1 (PhCH2), 43.5 (OCH2CH2), 45.0 (Cq), 60.1 (OCH2), 127.0 
(CH), 128.6 (CH), 129.0 (CH), 137.9 (Cq). 
IR: 3368 (br), 3062, 3029, 2959, 2930, 1495, 1454, 1365, 1130, 1025, 713. 
HRMS: MNa+ calc. 233.0971, found 233.0966 (-2.1 ppm). 
 
210 3-Methyl-3-phenylmethanesulfinylbutan-1-ol 
 
S OH
O
C12H18O2S
Mol. Wt.: 226.34
 
 
Was prepared from the sulfide by oxidation with aq. H2O2. 
 
1H: 1.31 (s, 3H, CH3), 1.41 (s, 3H, CH3), 1.75-1.90 (m, 1H, one of OCH2CH2), 
2.15-2.25 (m, 1H, one of OCH2CH2), 3.65-3.85 (m, 2H, OCH2), 3.88 (d, 1H, J=12.4 
Hz, one of PhCH2), 4.00 (d, 1H, J=12.4 Hz, one of PhCH2), 4.41 (br s, 1H, OH), 
7.25-7.45 (m, 5H). 
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13C: 22.4 (CH3), 22.6 (CH3), 41.2 (OCH2CH2), 51.7 (PhCH2), 57.2 (Cq), 57.5 
(OCH2), 128.2 (CH), 128.9 (CH), 130.2 (CH), 131.4 (Cq). 
IR: 3379 (br, str), 3063, 3031, 2965, 2931, 1497, 1455, 1367, 1132, 1019 (str), 
768, 700. 
HRMS: MNa+ calc. 249.0921, found 249.0925 (-1.70ppm). 
 
211 Acetic acid 3-methyl-3-phenylmethanesulfinylbutyl ester 
 
S
OH
O
S
OAc
O
Ac2O,
CDCl3
C14H20O3S
Mol. Wt.: 268.37
 
Substrate (31 mg, 0.14 mmol) was dissolved in CDCl3 (1 g). Ac2O (163 mg, 1.60 
mmol) was added. After 22 h at r.t., no change was visible in the 1H-NMR 
spectrum. After 24 h at 50°C, only a trace of starting material was left. Aqueous 
workup and chromatography yielded product (27 mg, 0.10 mmol, 72%).  
 
Rf (EtOAc + 0.2% MeOH) = 0.52 (UV, MPA hot). 
1H: 1.35 (s, 3H, CH3), 1.36 (s, 3H, CH3), 1.88-2.00 (m, 1H, one of OCH2CH2), 2.05 
(s, 3H, CH3COO), 2.08-2.20 (m, 1H, one of OCH2CH2), 3.68 (d, 1H, J=12.8 Hz, 
one of PhCH2), 3.86 (d, 1H, J=12.8 Hz, one of PhCH2), 4.27 (t, 2H, J=7.0 Hz, 
OCH2), 7.29-7.41 (m, 5H).  
13C: 20.57 (CH3), 20.62 (CH3), 21.0 (CH3), 34.5 (OCH2CH2), 52.5 (PhCH2), 55.8 
(Cq), 60.3 (OCH2), 128.1 (CH), 128.9 (CH), 130.1 (CH), 131.6 (Cq), 170.9 (Cq). 
HRMS: MNa+ calc. 291.1025, found 291.1021 (-1.61 ppm). 
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212 3-(1-Methyl-1-phenylmethanesulfinylethyl)dihydrofuran-2-one 
 
O O
SBn
O O
S
O
C14H18O3S
Mol. Wt.: 266.36
MeOH, aq. H2O2,
cat. HCl, 6h r.t.
 
 
Substrate (534 mg, 2.14 mmol) was dissolved in MeOH (3 mmol) and stirred at 
0°C. H2O2 (35% aq., 220 mg, 2.26 mmol) and one drop 6M aq. HCl was added. 
Aqueous workup after 5 h at r.t. yielded a solid (596 mg, 2.24 mmol, quant. crude) 
which consisted of a mixture of two substances in a ratio 1:1 (by integration of 1H-
NMR). Dissolution in DCM (3 ml), addition of Et2O (3 ml) and cooling to –25°C 
yielded a solid (204 mg) which consisted of mixture ratio 10:1. Crystallisation from 
DCM (2 ml) by cooling to –25°C yielded one pure diastereomer (110 mg). The 
other diastereomer could not be obtained in pure form. Separation by 
chromatography with DCM/MeOH was unsuccessful, both substances eluted 
together. 
 
Mp: 135-136°C (decomp, from 132°C, heating 3°C/min) (from DCM), melting point 
depends on heating rate and starting temperature. 
1H: 1.29 (s, 3H, CH3), 1.72 (s, 3H, CH3), 2.25-2.45 (m, 1H, one of OCH2CH2), 
2.45-2.60 (m, 1H, one of OCH2CH2), 3.00 (dd, 1H, J=8.6 Hz+11.4 Hz, CHCO), 
3.71 (d, 1H, J=12.6 Hz, one of PhCH2), 3.86 (d, 1H, J=12.6 Hz, one of PhCH2), 
4.16 (ddd, 1H, 6.4 Hz+9.6 Hz+10.2 Hz, one of OCH2), 4.35 (ddd, 1H, J=2.4 
Hz+8.8 Hz+6.4 Hz, one of OCH2), 7.30-7.45 (m, 5H). 
13C: 16.6 (CH3), 17.2 (CH3), 24.9 (OCH2CH2), 44.9 (CH), 52.4 (PhCH2), 57.8 
(Cq), 66.0 (OCH2), 128.3 (CH), 129.0 (CH), 130.1 (CH), 131.2 (Cq), 175.8 (Cq). 
HRMS: MNa+ calc. 289.0869, found 289.0864 (-1.80ppm). 
 
Other diastereomer: 
1H: 1.41 (s, 3H, CH3), 1.53 (s, 3H, CH2), 2.20-2.40 (m, 2H, OCH2CH2), 2.92 (dd, 
1H, J=9.2 Hz+11.2 Hz, CHCO), 3.72 (d, 1H, J=12.6 Hz, one of PhCH2), 3.92 (d, 
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1H, J=12.6 Hz, one of PhCH2), 4.05-4.20 (m, 1H, one of OCH2), 4.25-4.40 (m, 1H, 
one of OCH2), 7.30-7.40 (m, 5H). 
 
168 5-Iodopentanoic acid 
 
I OH
O C5H9IO2
Mol. Wt.: 228.03
 
 
Was prepared from δ-valerolactone, NaI, and MeSiCl3 as in lit. 43 
 
1H: 1.70-1.82 (m, 2H), 1.83-1.95 (m, 2H), 2.40 (t, 2H, J=7.2 Hz, CH2CO), 3.20 (t, 
2H, J=6.8 Hz, ICH2), 11.5 (br s, 1H, COOH). 
13C: 5.6 (ICH2), 25.5 (CH2), 32.6 (CH2), 32.9 (CH2), 179.7 (Cq). 
 
5-Benzylsulfanylpentanoic acid 
 
S OH
O
C12H16O2S
Mol. Wt.: 224.32
 
 
Substrate 168 (912 mg, 4.00 mmol) and BnSH (566 mg, 4.16 mmol) were 
dissolved in MeOH (4 ml) and stirred at r.t. under nitrogen. NaOMe (3.0 ml 2.8 M 
in MeOH, 8.4 mmol) was added. The mixture turned turbid. After 1 h at r.t., 
aqueous workup yielded product (870 mg, 3.88 mmol, 97%) as clear colourless oil 
that solidified. 
 
Mp: 28-30°C. 
1H: 1.50-1.65 (m, 2H), 1.55-1.80 (m, 2H), 2.33 (t, 2H, J=7.2 Hz), 2.42 (t, 2H, J=7.2 
Hz), 3.70 (s, 2H, PhCH2), 7.18-7.27 (m, 1H, ArH), 7.27-7.35 (m, 4H, ArH), 11 (br s, 
1H, COOH). 
13C: 23.8 (CH2), 28.5 (CH2), 30.8 (CH2), 33.5 (CH2), 36.3 (PhCH2), 127.0 (CH), 
128.5 (CH), 128.8 (CH), 138.4 (Cq), 179.8 (Cq). 
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IR: 3084, 3061, 3028, ~3000 (br), 2942, 2917, 2868, 2675, 1706 (str), 1494, 1453, 
1418, 1284, 1235, 701. 
HRMS: MNa+ calc. 247.0763, found 247.0764 (+0.1 ppm). 
 
169 5-Benzylsulfanylpentanoic acid methyl ester 
 
S O
O
C13H18O2S
Mol. Wt.: 238.35
 
 
Was prepared from the free acid and diazomethane following the general method 
in 99% yield. 
 
1H: 1.51-1.63 (m, 2H), 1.63-1.74 (m, 2H), 2.28 (t, 2H, J=7.4 Hz), 2.41 (t, 2H, J=7.2 
Hz), 3.65 (s, 3H, OCH3), 3.69 (s, 2H, PhCH2), 7.19-7.27 (m, 1H), 7.27-7.34 (m, 
4H). 
13C: 24.1 (CH2), 28.6 (CH2), 30.8 (CH2), 33.6 (CH2), 36.2 (PhCH2), 51.5 (OCH3), 
126.9 (CH), 128.5 (CH), 128.8 (CH), 138.5 (Cq), 173.8 (Cq). 
IR: 3028, 2949, 2863, 1737 (str), 1494, 1453, 1436, 1204, 1174, 702. 
HRMS: MNa+ calc. 261.0925, found 261.0917 (-3.1 ppm). 
 
4-Benzylsulfanylbutyric acid similar to 40 
 
O
O
S
O
OH
C11H14O2S
Mol. Wt.: 210.29BnSNa
180°C, 1h
 
 
BnSH (1.39 g, 10.2 mmol) was dissolved in toluene (10 ml) and stirred under 
nitrogen. NaH (425 mg 60% in mineral oil, 10.6 mmol) was added. Evolution of 
gas took place and ceased after some minutes. γ-Butyrolactone (868 mg, 10.1 
mmol) was added and the mixture was heated in a slow stream of nitrogen and 
kept at 180°C for 1 h.  The white solid was dissolved in extracted with Et2O and 
then acidified with aq. HCl. The oil that separated was extracted with DCM, dried 
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over MgSO4, and rotavap. Product (1.93 g, 9.1 mmol, 90%) was a clear light 
yellow liquid. 
 
1H: 1.88 (apparent q, 2H, J=7.2 Hz), 2.45 (t, 2H, J=7.2 Hz), 2.46 (t, 2H, J=7.2 Hz), 
3.70 (s, 2H, PhCH2), 7.18-7.27 (m, 1H), 7.27-7.36 (m, 4H), 11.60 (br s, 1H, 
COOH). 
13C: 24.0 (CH2), 30.4 (CH2), 32.8 (CH2), 36.0 (PhCH2), 127.0 (CH), 128.5 (CH), 
128.9 (CH), 138.3 (Cq), 179.6 (Cq). 
IR: 3059, 3026, 2917, 2661, 1704 (str), 1493, 1452, 1420, 1293, 1237, 919, 701. 
HRMS: MNa+ calc. 233.0607, found 233.0605 (-0.8 ppm). 
Sodium salt in H2O (H2O δ = 4.79) 
1H: 1.75 (q, 2H, J=7.6 Hz), 2.15 (t, 2H, J=7.6 Hz), 2.38 (t, 2H, J=7.4 Hz), 3.63 (s, 
2H), 7.15-7.30 (m, 5H). 
 
4-Benzylsulfanylbutyric acid methyl ester 
 
S
O
O
C12H16O2S
Mol. Wt.: 224.32
 
 
Was prepared from the free acid and diazomethane in Et2O in quantitative crude 
yield. 
 
1H: 1.89 (pent., 2H, J=7.3 Hz+7.3 Hz, H-3), 2.40 (t, 2H, J=7.4 Hz), 2.45 (t, 2H, 
J=7.2 Hz), 3.66 (s, 3H, OCH3), 3.70 (s, 2H, PhCH2), 7.20-7.27 (m, 1H), 7.28-7.35 
(m, 4H). 
13C: 24.3 (CH2), 30.5 (CH2), 32.8 (CH2), 36.0 (PhCH2), 51.6 (OCH3), 127.0 (CH), 
128.5 (CH), 128.9 (CH), 138.3 (Cq), 172.6 (Cq). 
IR: 3028, 2950, 2919, 1737 (str), 1495, 1453, 1436, 1211, 1174, 703. 
HRMS: MNa+ calc. 247.0763, found 247.0761 (-0.8 ppm). 
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2-(2-Benzylsulfanylethyl)-3-hydroxy-3-methylbutyric acid methyl ester 
 
S
O
O
OH
C15H22O3S
Mol. Wt.: 282.4
 
 
Prepared from 4-benzylsulfanylbutyric acid methyl ester and acetone following the 
general method in 65% yield. 
 
1H: 1.19 (s, 3H, CH3), 1.21 (s, 3H, CH3), 1.75-1.85 (m, 1H, one of CHCH2), 1.95-
2.10 (m, 1H, one of CHCH2), 2.25-2.35 (m, 1H, one of SCH2), 2.35-2.45 (m, 1H, 
one of SCH2), 2.50 (dd, 1H, J=11.2 Hz+3.2 Hz, CH), 2.75 (br s, 1H, OH), 3.65 (s, 
3H, OCH3), 3.68 (s, 2H, PhCH2), 7.18-7.26 (m, 1H), 7.26-7.33 (m, 4H). 
13C: 26.8 (CH3), 27.3 (CHCH2), 28.7 (CH3), 29.6 (SCH2), 36.0 (PhCH2), 51.6 
(CH3), 54.9 (CH), 71.1 (Cq), 127.0 (CH), 128.4 (CH), 128.9 (CH), 138.2 (Cq), 
175.6 (Cq). 
IR: 3475 (br), 3062, 3028, 2974, 2948, 1730 (str), 1495, 1453, 1436, 1377, 1362, 
1201, 1153, 702. 
HRMS: MNa+ calc. 305.1182, found 305.1182 (+-0.0 ppm). 
 
196 1-Butylsulfanylmethyl-4-methoxybenzene 
 
S
O
C12H18OS
Mol. Wt.: 210.34
 
 
PMBOH (1.39 g, 10.1 mmol) and nBuSH (932 mg, 10.3 mmol) were dissolved in  
DCM (10 ml) and TFA (1.52 g, 13.3 mmol) was added. The mixture was stirred at 
r.t. for 18 h. Aqueous workup yielded crude product (2.13 g, 10.1 mmol, 100%) 
that was purified by Kugelrohr distillation (150-160°C, 2 mbar) to give pure product 
(1.84 g, 8.76 mmol, 87%) as a clear colourless liquid. As the HRMS gave only 
signals for a compound containing an extra oxygen, EA was carried out to confirm 
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that it is the sulphide (even if the substance is not pure, the EA matches the sulfide 
better than the sulfoxide) 
 
1H: 0.89 (t, 3H, J=7.2 Hz, CH3), 1.37 (sextet, 2H, J=7.4 Hz), 1.54 (sextet, 2H, 
J=7.4 Hz), 2.40 (t, 2H, J=7.6 Hz, SCH2), 3.66 (s, 2H, PhCH2), 3.79 (s, 3H, OCH3), 
6.84 (d, 2H, J=8.8 Hz), 7.22 (d, 2H, J=8.4 Hz). 
13C: 13.7 (CH3), 22.0 (CH2), 31.0 (CH2), 31.4 (CH2), 35.6 (PhCH2), 55.3 (OCH3), 
113.9 (CH), 129.9 (CH), 130.7 (Cq), 158.5 (Cq). 
IR: 2956, 2931, 1610, 1512 (str), 1464, 1301, 1250 (str), 1174, 1036, 831. 
HRMS: MONa+ calc: 249.0920 found: 249.0918 (-0.86ppm), probably complete 
oxidation to sulfoxide during analysis. 
197 1-tert-Butylsulfanylmethyl-4-methoxybenzene 
 
S
O
C12H18OS
Mol. Wt.: 210.34
 
 
Was prepared as above using tBuSH instead of nBuSH. Again only signals for a 
compound containing an extra oxygen were found in HRMS. Therefore, the 
sulfoxide was prepared (see below), which was found to give an identical HRMS. 
 
1H: 1.35 (s, 9H, tBu), 3.72 (s, 2H, ArCH2), 3.77 (s, 3H, OCH3), 6.82 (d, 2H, J=8.4 
Hz), 7.25 (d, 2H, J=8.4 Hz). 
13C: 30.9 (CH3), 32.7 (ArCH2), 42.8 (SCq), 55.3 (OCH3), 113.9 (CH), 130.0 (CH), 
130.4 (Cq), 158.4 (Cq). 
IR: 2959, 2940, 2862, 2835, 1611, 1512 (str), 1459, 1250 (str), 1174, 1036, 832, 
754. 
HRMS:  MONa+ calc: 249.0920 found: 249.0924 (+1.61ppm), probably complete 
oxidation to sulfoxide during analysis. 
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1-Methoxy-4-(2-methylpropane-2-sulfinylmethyl)-benzene 
 
O
S
O C12H18O2S
Mol. Wt.: 226.34  
 
Substrate (34 mg, 0.16 mmol) was disolved in MeOH (1 ml) and HCl (6 M aq., 1 
drop) was added. The mixture was stirred at r.t. and H2O2 (35% aq., 32 mg, 0.33 
mmol) was added. Aqueous workup after 1 h yielded a white solid (37 mg, 0.16 
mmol, 100%). 
 
1H: 1.31 (s, 9H, tBu), 3.57 (d, 1H, J=14.0 Hz), 3.78 (d, 1H, J=14.0 Hz), 3.80 (s, 
3H, OCH3), 6.89 (d, 2H, J=8.4 Hz), 7.26 (d, 2H, J=8.4 Hz). 
13C: 23.0 (CH3), 52.1 (ArCH2), 53.5 (Cq), 55.2 (OCH3), 114.3 (CH), 123.8 (Cq), 
131.1 (CH), 159.4 (Cq). 
Mp: 123-126°C (lit 84: 124-126°C) 
HRMS:  MNa+ calc: 249.0920 found: 249.0916 (-1.5ppm). 
 
General procedure for the deprotection of PMB-thioethers by bromine in 
DCM 
 
The PMB-thioether was dissolved in DCM (1 ml/mmol), stirred at 0°C and bromine 
(1 M solution in DCM) was added. The colour of bromine immediately disappears 
and aqueous workup after two minutes yield the disulfide and PMBBr. These can 
be separated by chromatography. If MeOH was used as solvent, mixtures of 
PMBBr and PMBOMe were obtained. 
 
198 1-Methoxy-4-methoxymethylbenzene 
 
O
O
C9H12O2
Mol. Wt.: 152.19
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Was isolated as a by-product from the deprotection of PMB-thioethers in 
methanol. 
 
1H: 3.36 (s, 3H, CH3), 3.81 (s, 3H, CH3), 4.39 (s, 2H, ArCH2), 6.85-6.95 (m, 2H), 
7.20-7.30 (m, 2H). 
13C: 55.3 (OCH3), 57.8 (OCH3), 74.4 (ArCH2), 113.8 (CH), 129.4 (CH), 130.3 
(Cq), 159.2 (Cq). 
 
200 3,3'-(2,2'-Disulfanediylbis(propane-2,2-diyl))bis(dihydrofuran-2(3H)-one) 
 
O O
S S
O
O
C14H22O4S2
Mol. Wt.: 318.45
 
 
Was prepared from 165 in 79% yield. 
 
Mp: 43-45°C. 
1H: 1.40 (s, 3H, CH3), 1.41 (s, 3H, CH3), 1.60 (s, 3H, CH3), 1.61 (s, 3H, CH3) (due 
to rotamers), 2.20-2.50 (m, 4H), 2.75-2.85 (m, 2H), 4.10-4.25 (m, 2H, 2x OCHH), 
4.25-4.40 (m, 2H, 2x OCHH). 
13C: 23.0 (CH3), 23.10 (CH3), 25.29 (CH2), 25.32 (CH2), 26.6 (CH3), 26.81 (CH3), 
47.6 (CH), 47.8 (CH), 49.44 (Cq), 49.47 (Cq), 64.63 (OCH2), 64.68 (OCH2), 174.6 
(Cq), 174.7 (Cq). 
HRMS: MNa+ calc. 341.0852, found 342.0849 (-0.9ppm). 
 
Butylsulfanylmethylbenzene 
 
S
C11H16S
Mol. Wt.: 180.31
 
 
1H: 0.88 (t, 3H, J=7.4 Hz, CH3), 1.30-1.45 (m, 2H), 1.45-1.60 (m, 2H), 2.41 (t, 2H, 
J=7.4 Hz, SCH2), 3.70 (s, 2H, ArCH2), 7.18-7.36 (m, 5H). 
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13C: 13.7 (CH3), 22.0 (CH2), 31.1 (CH2), 31.3 (CH2), 36.3 (CH2), 126.9 (CH), 
128.4 (CH), 128.8 (CH), 138.7 (Cq). 
 
(3S,4S,5S)-5-(Hydroxymethyl)-3-(2-(4-methoxybenzylthio)propan-2-yl)-4-
methyldihydrofuran-2(3H)-one 
 
C17H24O4S
Mol. Wt.: 324.44
O O
HO
S
O
 
 
Was prepared by Michael addition of PMBSH to the conjugated alkene in 
quantitative crude yield. 
 
1H: 1.28 (d, 3H, J=6.4 Hz, CHCH3), 1.50 (s, 3H, CH3), 1.57 (s, 3H, CH3), 2.42 (d, 
1H, J=8.8 Hz, CHCOO), 2.45-2.60 (m, 1H, CHCH3), 2.74 (br s, OH), 3.65-3.75 (m, 
1H, OCH), 3.71 (d, 1H, J=11.6 Hz, one of ArSCH2), 3.76 (d, 1H, J=11.6 Hz, one of 
ArSCH2), 3.76 (s, 3H, OCH3), 3.80-3.90 (m, 1H, one of OCH2), 3.95-4.05 (m, 1H, 
one of OCH2), 6.82 (d, 2H, J=8.4 Hz), 7.21 (d, 2H, J=8.4 Hz). 
13C: 20.2 (CHCH3), 25.8 (CqCH3), 29.2 (CqCH3), 32.7 (ArCH2), 33.9 (CHCH3), 
47.8 (Cq), 55.3 (OCH3), 57.3 (CHCOO), 62.8 (OCH2), 84.6 (OCH), 114.0 (CH), 
129.2 (Cq), 130.2 (CH), 158.7 (Cq), 176.0 (Cq). 
IR: 3451 (br), 2963, 2934, 2873, 2837, 1761 (str), 1610, 1512, 1464, 1301, 1249, 
1177, 1097, 1035, 912, 836, 734. 
HRMS: MNa+ calc: 347.1288 found: 347.1285 (-0.8ppm). 
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230 (3R,4S,5S)-5-(Hydroxymethyl)-3-(2-hydroxypropan-2-yl)-4-
methyldihydrofuran-2(3H)-one 
 
O O
HO
OH
C9H16O4
Mol. Wt.: 188.22
 
 
Was prepared from 226 by deprotection with TBAF (2eq. 1 M solution in THF). 
The crude product (quantitative yield) was purified by crystallisation from DCM.  
 
Mp: 104-105°C (DCM). 
1H: 1.25 (d, 3H, J=6.4 Hz, CHCH3), 1.28 (s, 3H, CH3), 1.33 (s, 3H, CH3), 2.14 (t, 
1H, J=6.6 Hz, CH2OH), 2.28-2.42 (m, 1H, CHCH3), 2.45 (d, 1H, J=10.4 Hz, 
CHCOO), 3.67 (dd, 1H, J=4.4 Hz + 12.8 Hz, one of OCH2), 3.82 (s, 1H, CqOH), 
3.97 (dd, 1H, J=2.4 Hz + 12.8 Hz, one of OCH2), 4.00-4.08 (m, 1H, OCH). 
13C: 18.6 (CHCH3), 25.8 (CqCH3), 28.0 (CqCH3), 33.5 (CHCH3), 58.1 (CHCO), 
61.8 (OCH2), 71.6 (Cq), 85.2 (OCH), 178.3 (Cq). 
HRMS: MNa+ calc 211.0941, found 211.0937 (-1.9ppm). 
 
231 (4S,5S)-5-((4-Methoxybenzylthio)methyl)-4-methyl-3-(propan-2-
ylidene)dihydrofuran-2(3H)-one 
 
O O
S
O
C17H22O3S
Mol. Wt.: 306.42
 
 
1H: 1.14 (d, 3H, J=7.2 Hz, CHCH3), 1.88 (s, 3H, =CCH3), 2.23 (d, 3H, J=0.8 Hz, 
=CCH3), 2.42 (dd, 1H, J=8.0 Hz+13.9 Hz, one of SCH2), 2.65 (dd, 1H, J=5.0 
Hz+13.9 Hz, one of SCH2), 2.85-2.95 (m, 1H, CHCH3), 3.71 (d, 1H, J=13.6 Hz, 
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one of ArCH2), 3.72 (d, 1H, J=13.6 Hz, one of ArCH2), 3.79 (s, 3H, OCH3), 4.00 
(ddd, 1H, J=1.6 Hz+5.2 Hz+8.0 Hz, OCH), 6.80-6.90 (m, 2H), 7.15-7.25 (m, 2H). 
13C: 20.0 (CH3), 20.2 (CH3), 23.8 (CqCH3), 35.6 (CH2), 36.3 (ArCH2), 38.5 
(CHCH3), 55.3 (OCH3), 82.0 (OCH), 114.0 (Cq), 124.4 (CH), 129.8 (CH), 130.1 
(CH), 151.4 (Cq), 158.8 (Cq), 169.5 (Cq). 
IR: 2961, 2931, 2836, 1744 (str), 1664, 1610, 1512, 1302, 1248, 1183, 1035, 
1006, 834, 734. 
HRMS: MNa+ calc: 329.1182 found: 329.1176 (-1.8ppm). 
 
234 (2S,3S,4S)-4-(2-(Benzylthio)propan-2-yl)-2-(benzylthiomethyl)-3-
methyltetrahydrofuran 
 
O O
BnS
SBn
O
BnS
SBn
C23H30OS2
Mol. Wt.: 386.61
BH3,
THF, 
reflux 2d
 
 
Substrate (551 mg, 1.38 mmol) was dissolved in THF (10 ml) and BH3 (10 ml 1M 
in THF, 10 mmol) was added. After 2 days reflux, aqueous workup and 
chromatography (9petrol:1EtOAc+0.2%MeOH) gave pure product (405 mg, 1.05 
mmol, 76%). 
 
Rf  (9petrol:1EtOAc+0.2%MeOH) = 0.45 (UV, MPA hot). 
1H: 1.06 (d, 3H, J=6.8 Hz, CHCH3), 1.30 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.80-1.95 
(m, 1H), 1.95-2.05 (m, 1H), 2.54 (dd, 1H, J=7.2 Hz + 13.6 Hz, one of SCH2), 2.65 
(dd, 1H, J=3.8 Hz + 13.8 Hz, one of SCH2), 3.40-3.50 (m, 1H), 3.65-3.75 (m, 1H), 
3.73 (s, 2H, ArCH2), 3.77 (d, 1H, J=12.0 Hz, one of ArCH2SCq), 3.80 (d, 1H, 
J=13.2 Hz, one of ArCH2SCq), 4.01 (dd, 1H, J=9.6 Hz + 4.0 Hz), 7.15-7.35 (m, 
10H). 
13C: 19.1 (CHCH3), 25.8 (CH3), 26.8 (CH3), 32.7 (CH2), 34.0 (CH2), 36.9 (CH2), 
40.7 (CH), 48.7 (Cq), 56.9 (CH), 69.3 (OCH2), 87.0 (OCH), 126.9 (CH), 128.4 
(CH), 128.5 (CH), 129.0 (CH), 129.1 (CH), 138.1 (Cq), 138.4 (Cq). 
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236 (4S,5S)-3-(2-(Benzylthio)propan-2-yl)-5-(benzylthiomethyl)-4-
methyltetrahydrofuran-2-ol 
 
O OH
S
S
C23H30O2S2
Mol. Wt.: 402.61
 
 
Substrate (119mg, 0.30mmol) was dissolved in THF (5ml) and stirred at 0°C under 
nitrogen. LiAlH4 (0.5ml 1.0M inTHF, 0.5mmol) was added and the mixture was 
stirred for 1h. Aqueous workup yielded a clear colourless oil (118mg). 
Chromatography (4petrol:1EtOAc+0.2%MeOH) yielded pure product (94mg, 
0.23mmol, 78%) as one diastereomer. After standing at r.t. o.n., the solution used 
for NMR spectroscopy contained of a mixture of diastereomers. 
 
1H: 1.12 (d, 3H, J=6.4 Hz, CHCH3), 1.30 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.80-1.95 
(m, 1H), 2.06 (dd, 1H, J=6.4 Hz+1.6 Hz), 2.55 (dd, 1H, J=13.8 Hz+7.4 Hz, one of 
SCH2), 2.63 (br s, 1H, OH), 2.69 (dd, 1H, J=13.6 Hz+3.6 Hz, one of SCH2), 3.65-
3.85 (m, 4H, PhCH2), 3.95-4.10 (m, 1H, OCH), 5.53 (d, 1H, J=1.2 Hz, CHOH), 
7.15-7.40 (m, 10H). 
13C: mixture due to epimerisation. 
 
237 (1S,6S,9S)-2,2,9-Trimethyl-7-oxa-3,4-dithia-bicyclo[4.2.1]nonan-8-one 
 
O O
PMBS
SPMB S
O O
S
Br2 in MeOH
5min 0°C
C9H14O2S2
Mol. Wt.: 
218.34
 
Was prepared from 233 by deprotection with bromine in methanol in 88% yield 
after chromatography. In CDCl3-solution, a complex equilibrium between 
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conformers was observed, therefore no NMR spectrum is reported. However, the 
structure was confirmed by X-ray crystallography. 
 
Rf (2Petrol:1EtOAc+0.2%MeOH) : 0.61 (weak UV, not MPA hot). 
Mp: 85-86°C (from Et2O/pentane by cooling). 
 
3-(4-Methoxybenzylsulfanyl)-2-[2-(4-methoxybenzylsulfanyl)-ethyl]-3-
methylbutan-1-ol 
 
MeO
S
OH
S
OMe
C23H32O3S2
Mol. Wt.: 420.63
 
 
Was prepared from the acid by reduction with borane in THF. 
 
1H: 1.31 (s, 3H, CH3), 1.39 (s, 3H, CH3), 1.50-1.65 (m, 1H), 1.65-1.75 (m, 1H), 
1.75-1.90 (m, 1H), 2.35-2.45 (m, 1H), 2.55-2.65 (m, 1H), 2.80-3.20 (br s, 1H, OH), 
3.65-3.85 (m, 10H, ArCH2 and OCH3), 6.75-6.90 (m, 4H), 7.15-7.30 (m, 4H). 
13C: 26.2 (CH3), 27.1 (CH2), 28.2 (CH3), 30.3 (SCH2), 32.3 (ArCH2), 35.6 (ArCH2), 
48.5 (CH), 49.0 (Cq), 55.3 (2*OCH3), 62.8 (OCH2), 65.0 (Cq), 113.9 (CH), 114.0 
(CH),129.5 (Cq), 129.9 (CH), 130.1 (CH), 130.3 (Cq), 158.60 (Cq), 158.63 (Cq). 
IR: 3440 (br), 2957, 2930, 2834, 1609, 1583, 1509 (str), 1463, 1440, 1300, 1249 
(str), 1174, 1119, 1033 (str), 832. 
HRMS: MNa+ calc.: 443.1685,found: 443.1675 (-2.3ppm). 
 
2-(Propan-2-ylidene)cyclopentanone 85 
 
O O O C8H12O
Mol. Wt.: 124.18
aq. NaOH,
r.t. o.n.
+
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Cyclopentanone (5.04 g, 60.0 mmol) in acetone (10 g) was added to a stirred 
solution of NaOH (3.05 g, 76.3 mmol) in water (50 ml). After 18 h stirring at r.t., 
water (25ml) was added and the mixture was acidified with aq. HCl to pH=2. 
Extraction with DCM yielded a clear brown liquid (5.55g). 1H-NMR spectroscopy 
showed product and impurities. Kugelrohr-distillation (150°C, 20 mbar) yielded a 
clear light yellow distillate (3.78 g) which still contained impurities. 
Chromatography (40g silica, 9petrol:1EtOAc+0.2%MeOH) yielded product (2.23 g, 
30%) which still contained impurities. 
 
Rf (9petrol:1EtOAc+0.2%MeOH) = 0.55 (UV, MPA hot). 
1H: 1.84 (s, 3H, CH3), 1.85-1.95 (m, 2H), 2.22 (t, 3H, J=2.0 Hz, CH3), 2.25-2.35 
(m, 2H), 2.55-2.65 (m, 2H). 
13C: 19.4 (CH2), 20.4 (CH3), 24.5 (CH3), 29.4 (CH2), 40.5 (CH2), 130.9 (Cq), 147.1 
(Cq), 207.7 (Cq). 
IR: 2961, 2910, 2845, 1709 (str), 1634 (str), 1441, 1412, 1368, 1263, 1185, 1004, 
824. 
HRMS: MNa+ calc.: 124.0883, found: 124.0884 (+1.1ppm). 
 
2-(1-Benzylsulfanyl-1-methylethyl)-cyclopentanone 
 
O O
S
C15H20OS
Mol. Wt.: 248.38
BnSH, solv.
cat.
 
 
1H: 1.38 (s, 3H, CH3), 1.58 (s, 3H, CH3), 1.60-2.40 (m, 7H), 3.74 (s, 2H, ArCH2), 
7.15-7.25 (m, 1H), 7.25-7.35 (m, 4H). 
13C: 19.9 (CH2), 24.9 (CH3), 27.3 (CH2), 29.0 (CH3), 33.2 (CH2), 40.5 (CH2), 47.7 
(Cq), 57.4 (CH), 126.9 (CH), 128.5 (CH), 129.0 (CH), 138.1 (Cq), 218.3 (Cq). 
IR: 3028, 2965, 2873, 1732 (str), 1453, 1144, 715. 
HRMS: MNa+ calc. 271.1127, found 271.1119 (-2.8ppm). 
 
 
 147
238 5-(tert-Butyldimethylsilanyloxymethyl)-3-(1-hydroxy-1-methyl-3-phenyl-
propyl)-4-methyldihydrofuran-2-one 
 
O
O
O
OH
Si
C22H36O4Si
Mol. Wt.: 392.60
 
 
Diisopropylamine (256 mg, 2.53 mmol) was dissolved in THF (5 ml) and stirred at  
-15°C. nBuLi (1.0 ml 2.3 M in hexanes, 2.3mmol) was added. After 30 min, the 
mixture was cooled to -78°C and substrate (467 mg, 1.91 mmol) in THF (3 ml) was 
added. After 1 h, benzyl acetone (341 mg, 2.30 mmol) in THF (1 ml) was added. 
Aqueous workup after 1 h and chromatography yielded major diastereomer 
(401mg, 1.02mmol, 53%) and minor diastereomer  (108mg, 0.27mmol, 14%). 
 
Major diastereomer 
Rf (6petrol:1EtOAc+0.2%MeOH) = 0.54 (MPA hot). 
1H: 0.00 (s, 3H, SiCH3), 0.01 (s, 3H, SiCH3), 0.82 (s, 9H, tBu), 1.18 (d, 3H, J=6.4 
Hz, CHCH3), 1.21 (s, 3H, CH3), 1.65-1.90 (m, 2H), 2.25-2.40 (m, 1H), 2.51 (d, 1H, 
J=10.4 Hz), 2.58-2.72 (m, 1H), 2.72-2.88 (m, 1H), 3.67 (dd, 1H, J=11.7 Hz+3.4 
Hz), 3.85 (dd, 1H, J=11.7 Hz+3.2 Hz), 3.88-3.98 (m, 1H), 4.30 (br s, 1H, OH), 
7.05-7.35 (m, 5H). 
13C: -5.5 (SiCH3), -5.3 (SiCH3), 18.4 (SiCq), 18.5 (CHCH3), 24.0 (CqCH3), 25.8 
(SiC(CH3)3), 29.4 (CH2), 33.5 (CH), 42.5 (CH2), 55.9 (CH), 61.8 (OCH2), 73.0 (Cq), 
85.1 (OCH), 125.9 (CH), 128.4 (CH), 128.5 (CH), 142.2 (Cq), 179.2 (Cq). 
HRMS: MNa+ calc. 415.2275, found 415.2268 (-1.71 ppm). 
 
Minor diastereomer 
Rf (6petrol:1EtOAc+0.2%MeOH) = 0.30 (MPA hot). 
1H: -0.03 (s, 3H, SiCH3), 0.01 (s, 3H, SiCH3), 0.80 (s, 9H, tBu), 1.24 (d, 3H, J = 
6.4 Hz, CHCH3), 1.34 (s, 3H, CH3), 1.70-1.90 (m, 2H), 2.40-2.50 (m, 1H), 2.45-
2.55 (m, 1H), 2.60-2.70 (m, 1H), 2.80-2.95 (m,1H), 3.71 (dd, 1H, J=12+3.4 Hz), 
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3.87 (dd, 1H, J=12 Hz+3.2 Hz), 3.89 (s, 1H, OH), 3.90-3.00 (m, 1H), 7.10-7.20 (m, 
3H), 7.20-7.30 (m, 2H). 
13C: -5.5 (SiCH3), -5.4 (SiCH3), 18.3 (SiCq), 18.6 (CH3), 25.2 (CH3), 25.8 
(SiC(CH3)), 29.7 (CH2), 33.2 (CH), 40.0 (CH2), 58.3 (OCH), 61.9 (OCH2), 73.1 
(Cq), 85.0 (CH), 125.8 (CH), 128.4 (CH), 128.5 (CH), 142.2 (Cq), 178.4 (Cq). 
HRMS: MNa+ calc. 415.2275, found 415.2268 (-1.61 ppm). 
 
174-175  3-(1-Hydroxy-1-methyl-3-phenylpropyl)dihydrofuran-2-one 
 
O O O
OH
O
H
C14H18O3
Mol. Wt.: 234.29
1. LDA, THF, -78°C
2. benzyl acetone
3. aq. HCl
major diast. 68% rac.
 
 
Diisopropylamine (1.25 g, 12.4 mmol) was dissolved in THF (20 ml) and stirred at  
-40°C. nBuLi (5.2 ml 2.3 M in hexanes, 12 mmol) was added. After 30 min, the 
mixture was cooled to -78°C and γ-butyrolactone (862 mg, 10.0mmol) was added 
dropwise. After 30 min, benzyl acetone (1.89 g, 12.8 mmol) was added dropwise. 
Aqueous workup after 1h and chromatography yielded major diastereomer (1.59g, 
6.79mmol, 68%) and minor diastereomer (451mg, 1.92mmol, 19%). Combined 
yield 89%, d.r. 3.6:1. The major diastereomer is crystalline, and a single-crystal X-
ray structure was obtained. 
 
Major diastereomer 
Rf (2petrol:1EtOAc+0.2%MeOH) = 0.42. 
mp = 78-79.5°C. 
1H: 1.28 (s, 3H, CH3), 1.70-1.95 (m, 2H), 1.95-2.15 (m, 1H), 2.20-2.35 (m, 1H), 
2.65-2.90 (m, 3H), 3.87 (br s, 1H, OH), 4.10-4.25 (dt, 1H, one of OCH2), 4.30-4.45 
(dt, 1H, one of OCH2). 7.10-7.35 (m+m, 5H). 
13C: 23.2 (CH3), 25.4 (CH2), 29.6 (CH2), 42.6 (CH2), 47.9 (CH). 66.4 (CH2), 72.4 
(Cq), 125.9 (CH), 128.4 (CH), 124.5 (CH), 142.1 (Cq), 179.3 (Cq). 
IR: 3502 (br), 3025, 2975, 1726 (str), 1456, 1378, 1778 (str), 1024, 702. 
HRMS: 257.1147 (MNa+ required: 257.1148; -0.27ppm). 
EA: found %: C 72.0, H 7.93, N 0.19, R 19.9; calc.: C 71.8, H 7.74, R 20.5. 
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Minor diastereomer 
Rf (2petrol:1EtOAc+0.2%MeOH) = 0.30. 
1H: 1.38 (s, 3H, CH3), 1.81 (t, 2H, J = 8.6 Hz), 2.10-2.25 (m, 1H), 2.25-2.40 (m, 
1H), 2.55-2.70 (m, 1H), 2.70-2.90 (m, 2H), 3.25 (br s, 1H, OH), 4.10-4.25 (dt, 1H, 
one of OCH2), 4.25-4.40 (dt, 1H, one of OCH2), 7.15-7.25 (m, 3H), 7.25-7.35 (m, 
2H). 
13C: 24.8 (CH3), 24.9 (CH2), 29.8 (CH2), 40.2 (CH2), 49.5 (CH), 66.4 (OCH2), 72.5 
(Cq), 126.0 (CH), 128.4 (CH), 128.5 (CH), 142.1 (Cq), 178.6 (Cq). 
IR: 3477 (br), 3025, 2978, 1754 (str), 1455, 1377, 1170 (str), 1028, 702. 
HRMS: 257.1141 (MNa+ required: 257.1148; -2.66ppm). 
 
176 (Z)-3-(4-Phenylbutan-2-ylidene)dihydrofuran-2(3H)-one 
 
O
O C14H16O2
Mol. Wt.: 216.28
 
 
Was prepared from the major diastereomer of the tertiary alcohol by dehydration 
with SOCl2/pyridine in 97% yield. 
 
Mp: 41-44°C (Et2O). 
 
1H: 1.87 (s, 3H, CH3), 2.76 (t, 2H, 8.2 Hz), 2.86 (t, 2H), 3.05 (t, 2H), 4.29 (t, 2H, 
OCH2), 7.10-7.40 (m, 5H). 
HRMS: MNa+ calc. 239.1043, found 239.1038 (-1.83 ppm). 
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177 (E)-3-(4-Phenylbutan-2-ylidene)dihydrofuran-2(3H)-one 
 
O
O C14H16O2
Mol. Wt.: 216.28
 
 
Was prepared from the minor diastereomer of the tertiary alcohol by dehydration 
with SOCl2/pyridine. 
 
Mp: 39-41°C (Et2O). 
1H: 2.29 (t, 3H, J = 2.0 Hz, CH3), 2.44 (t, 2H, J = 7.6 Hz), 2.58 (dt, 2H, 2.0 Hz + 
6.4 Hz), 2.79 (t, 2H, 7.6 Hz), 4.12 (t, 2H, 7.6 Hz, OCH2), 7.10-7.40 (m, 5H). 
13C: 16.7 (CH3), 27.2 (CH2), 33.1 (CH2), 40.4 (CH2), 64.3 (OCH2), 119.5 (Cq), 
126.3 (CH), 128.4 (CH), 128.5 (CH), 140.8 (Cq), 152.3 (Cq), 170.6 (Cq). 
IR: 3025, 2917, 2860, 1740 (str) 1658, 1374, 1186 (str), 1033 (str), 749, 702. 
 
178-179 3-(1-Benzylsulfanyl-1-methyl-3-phenylpropyl)dihydrofuran-2-one 
 
O O
S
C21H24O2S
Mol. Wt.: 340.48
 
 
Were prepared by Michael-addition of benzyl thiol to 176 or 177. Each alkene 
diastereomer gave one thioether diastereomer. In each case, the initial 
diastereoselectivity was >9:1 and dropped to 4:1 in the course of the reaction. 
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1H: 1.47 (s, 3H, CH3), 2.00-2.20 (m, 1H), 2.20-2.40 (m, 2H), 2.40-2.55 (m, 1H), 
2.65-2.85 (m, 2H), 2.85-3.00 (m, 1H), 3.74 (d, 1H, J=12.0 Hz), 3.78 (d, 1H, J=12.4 
Hz, ArCH2), 4.05-4.20 (m, 1H, one of OCH2), 4.25-4.40 (m, 1H, one of OCH2). 
13C: 21.6 (CH3), 25.9 (CH2), 30.8 (CH2), 33.1 (CH2), 40.6 (CH2), 47.5 (CH), 50.9 
(Cq), 66.0 (OCH2), 125.9 (CH), 127.2 (CH), 128.48 (CH), 128.51 (CH), 128.7 (CH), 
129.1 (CH), 137.6 (Cq), 142.0 (Cq), 176.1 (Cq). 
HRMS: MNa+ calc 363.1389, found 363.1376 (-3.6ppm). 
 
Other diastereomer 
1H: 1.60 (s, 3H, CH3), 2.00-2.15 (m, 1H), 2.15-2.25 (m, 1H), 2.25-2.40 (m, 1H), 
2.40-2.60 (m, 1H), 2.70-2.90 (m, 2H), 3.81 (s, 2H), 4.05-4.20 (m, 1H, one of 
OCH2), 4.20-4.40 (m, 1H, one of OCH2). 
13C: 25.3 (CH3), 25.8 (CH2), 30.8 (CH2), 33.2 (CH2), 39.4 (CH2), 48.3 (CH), 50.4 
(Cq), 66.0 (OCH2), 126.0 (CH), 127.2 (CH), 128.5 (CH), 128.5 (CH), 128.7 (CH), 
129.1 (CH), 127.6 (Cq), 141.8 (Cq), 176.2 (Cq). 
HRMS: MNa+ calc 363.1389, found 363.1383 (-1.6ppm). 
 
239 (4S,5S,Z)-5-(Hydroxymethyl)-4-methyl-3-(4-phenylbutan-2-
ylidene)dihydrofuran-2(3H)-one 
 
O O
OH
C16H20O3
Mol. Wt.: 260.33
 
 
1H: 1.19 (d, 3H, J = 6.8 Hz, CHCH3), 1.87 (s, 3H, =CCH3), 1.94 (br s, 1H, OH), 
2.65-2.85 (m, 2H), 2.85-2.95 (m, 1H), 3.02 (t, 2H, J = 8.0 Hz), 3.45-3.55 (m, 1H), 
3.60-3.70 (m, 1H), 4.05-4.15 (m, 1H), 7.10-7.35 (m, 5H). 
13C: 19.6 (CH3), 21.9 (CH3), 34.7 (CH2), 34.9 (CH2), 35.7 (CH), 64.6 (OCH2), 83.4 
(CH), 125.6 (Cq), 126.0 (CH), 128.3 (CH), 128.6 (CH), 141.2 (Cq), 154.4 (Cq), 
169.3 (Cq). 
HRMS: MNa+ calc: 283.1305 found: 283.1295 (-3.5ppm). 
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240 (4S,5S,E)-5-(Hydroxymethyl)-4-methyl-3-(4-phenylbutan-2-
ylidene)dihydrofuran-2(3H)-one 
 
O O
OH
C16H20O3
Mol. Wt.: 260.33
 
 
1H: 1.14 (d, 3H, J = 6.8 Hz, CHCH3), 1.67 (br s, 1H, OH), 2.30 (s, 3H, =CCH3), 
2.40-2.65 (m, 3H), 2.75-2.95 (m, 2H), 3.30 (d, 2H, J = 5.6 Hz),3.95-4.05 (m, 1H), 
7.10-7.20 (m, 2H), 7.20-7.27 (m, 1H), 7.27-7.36 (m, 2H). 
13C: 17.7 (CH3), 20.4 (CH3), 33.4 (CH2), 35.4 (CH), 39.1 (CH2), 64.5 (OCH2), 83.1 
(CH), 125.6 (Cq), 126.4 (CH), 128.5 (CH), 128.6 (CH), 140.9 (Cq), 153.1 (Cq), 
169.8 (Cq). 
HRMS: MNa+ calc: 283.1305 found: 283.1297 (-2.8ppm). 
 
241 (4S,5S)-5-(Hydroxymethyl)-4-methyl-3-(4-phenylbut-2-en-2-
yl)dihydrofuran-2(3H)-one 
 
O O
OH
C16H20O3
Mol. Wt.: 260.33
 
 
1H: 1.10 (d, 3H, J=6.4 Hz, CHCH3), 1.75 (s, 3H, =CCH3), 2.40-2.60 (m, 1H), 2.94 
(d, 1H, J=12.0 Hz), 3.46 (d, 2H, J=7.2 Hz), 3.71 (dd, 1H, J=12.8+4.0 Hz, one of 
OCH2), 4.00 (dd, 1H, J=12.8+2.4 Hz, one of OCH2), 4.05-4.15 (m, 1H, OCH), 5.56 
(t, 1H, J=7.2 Hz), 7.15-7.25 (m, 3H), 7.25-7.35 (m, 2H). 
 153
13C: 13.5 (CH3), 15.1 (CH3), 34.3 (CH2), 35.3 (CH), 58.7 (CH), 61.7 (OCH2), 84.9 
(OCH), 126.1 (CH), 128.3 (CH), 128.5 (CH), 129.3 (Cq), 130.6 (CH), 140.4 (Cq), 
176.0 (Cq). 
HRMS: MNa+ calc: 283.1305 found: 283.1298 (-2.3ppm). 
 
245 5-Benzylsulfanylmethyl-3H-furan-2-one and  
246 Toluene-4-sulfonic acid 3-benzylsulfanyl-5-oxotetrahydrofuran-2-
ylmethyl ester 
 
O
S
O
O
O
O
S
OO
S
C19H20O5S2
Mol. Wt.: 392.49
C12H12O2S
Mol. Wt.: 220.29
245
246
 
 
Substrate (871 mg, 3.25 mmol) was dissolved in DCM and BnSH (548 mg, 
4.03mmol) and Na2CO3 (553 mg, 5.02 mmol) were added. The suspension was 
stirred at r.t. for two days. Aqueous workup and chromatography with DCM yielded 
245 (257 mg, 1.17 mmol, 36%) and 246 (228 mg, 0.58 mmol, 18%). 
 
Rf (DCM) = 0.82 + 0.42. 
245 1H: 3.19 (s, 2H), 3.20 (s, 2H), 3.78 (s, 2H, ArCH2), 5.28 (m, 1H, =CH), 7.20-
7.30 (m, 1H), 7.30-7.40 (m, 5H). 
13C: 27.6 (CH2), 34.1 (CH2), 36.3 (CH2), 101.0 (=CH), 127.3 (CH), 128.6 (CH), 
129.1 (CH), 137.4 (Cq), 153.1 (Cq), 176.0 (Cq). 
 
246 1H: 2.39 (dd, 1H, J=18.4 Hz+7.2 Hz, one of CH2COO), 2.44 (s, 3H, ArCH3),  
2.76 (dd, 1H, J=18.4 Hz+9.2 Hz, one of CH2COO), 3.25-3.40 (m, 1H, SCH), 3.77 
(s, 2H, ArCH2), 4.05 (dd, 1H, J=11.4 Hz+3.4 Hz, one of OCH2), 4.12 (dd, 1H, 
J=11.6 Hz+2.8 Hz, one of OCH2), 4.25-4.40 (m, 1H, OCH), 7.15-7.40 (m, 7H), 7.74 
(d, 2H, J=8.4 Hz). 
 154
13C: 21.7 (CH3), 36.4 (CH2), 36.5 (CH2), 39.2 (SCH), 67.9 (OCH2), 82.5 (OCH), 
127.8 (CH), 128.0 (CH), 128.8 (CH), 129.0 (CH), 130.1 (CH), 132.0 (Cq), 137.0 
(Cq), 145.6 (Cq), 173.7 (Cq). 
HRMS: MNH4+ calc: 410.1090 found: 410.1091 (+0.1ppm). 
 
256 n-Butyl sulfenyl bromide 
 
S
Br C4H9BrS
Mol. Wt.: 169.08  
 
Bromine (46 mg, 0.29 mmol) was dissolved in CDCl3 (1.21 g). nBu2S2 (53 mg, 
0.30 mmol) was added. 1H-NMR spectroscopy after 5 min at r.t. showed complete 
conversion. The solution of the sulfenyl bromide was clear brown and was 
discoloured within seconds after addition of a nucleophile. 
 
1H: 0.95 (t, 3H, J=7.4 Hz, CH3), 1.46 (sextet, 2H, J=7.4 Hz, CH2CH3), 1.72 
(pentet, 2H, SCH2CH2S J=7.4 Hz), 3.02 (br s, 2H, SCH2). 
13C: 13.6 (CH3), 21.4 (CH2), 31.4 (CH2), 39.5 (CH2). 
 
257 1-Bromo-2-butylsulfanylcyclohexane 
 
S
Br
C10H19BrS
Mol. Wt.: 251.23 
 
Was prepared by adding cyclohexene to nBuSBr. NMR spectroscopy showed that 
the product was contaminated by small amounts of nBu2S2. Chromatography did 
not achieve separation. However, partial conversion to the secondary alcohol took 
place (see following entry). 
 
Rf (9petrol:1EtOAc+0.2%MeOH) = 0.88 (MPA hot). 
1H: 0.92 (t, 3H, J=7.2 Hz, CH3), 1.34-1.52 (m, 4H), 1.52-1.82 (m, 5H), 1.82-1.95 
(m, 1H), 2.22-2.42 (m, 2H), 2.60 (t, 2H, J=7.6 Hz), 2.95-3.05 (m, 1H), 4.25-4.40 
(m, 1H). 
 155
13C: 13.7 (CH3), 22.0 (CH2), 23.0 (br, CH2), 23.1 (br, CH2), 30.0 (br, CH2), 31.9 
(CH2), 32.1 (CH2), 33.2 (br, CH2), 50.1 (CH), 57.2 (CH). 
 
258 2-Butylsulfanylcyclohexanol 
 
S
OH
C11H24OS
Mol. Wt.: 204.37
 
 
Rf (9petrol:1EtOAc+0.2%MeOH) = 0.41. 
1H: 0.92 (t, 3H, J=7.4 Hz, CH3), 1.20-1.35 (m, 3H), 1.35-1.48 (m, 3H), 1.52-1.63 
(m, 2H), 1.67-1.81 (m, 2H), 2.02-2.18 (m, 2H), 2.31-2.42 (m, 1H), 2.51-2.60 (m, 
2H), 2.75 (br s, 1H, OH), 3.24-3.36 (m, 1H, OCH). 
13C: 13.7 (CH3), 22.1 (CH2), 24.5 (CH2), 26.4 (CH2), 29.6 (CH2), 32.4 (CH2), 33.0 
(CH2), 33.8 (CH2), 55.5 (CH), 72.1 (CH). 
IR: 3446 (br), 2932 (str), 2858, 1448, 1273, 1076, 964. 
 
262 2-(4-Methoxybenzyl)isothiouronium chloride 
 
O
S NH2
NH2
Cl  C9H13ClN2OS
Mol. Wt.: 232.73
 
 
Was prepared from anisyl alcohol and thiourea with MeOH/aq. HCl according to 
literature.58 
 
mp: 162-168°C. 
1H: (in DMSO-d6) 3.75 (s, 3H, OCH3), 4.50 (s, 2H, ArCH2), 6.93 (d, 2H, J=8.8 Hz), 
7.37 (d, 2H, J=8.8 Hz), 9.37 (s, 4H, NH2). 
13C: (in DMSO-d6) 33.8 (ArCH2), 55.1 (OCH3), 114.1 (CH), 126.7 (Cq), 130.3 
(CH), 158.9 (Cq), 169.3 (Cq). 
HRMS: C9H13N2OS+ calc. 197.0743, found 197.0740 (-1.32 ppm). 
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263 4-Methoxybenzyl carbamimidothioate 
 
O
S NH
NH2
C9H12N2OS
Mol. Wt.: 196.27
 
 
Hydrochloride 262 (140 mg, 0.60 mmol) was dissolved in water (2.0 ml) and 
acetone (4.5 ml) was added. The solution was basified with aq. NaOH (0.25 ml 1.0 
M) and a drying agent (MgSO4, Na2CO3 or Na2SO4, none of them offered any 
advantage) was added until two layers formed. The acetone layer was removed, 
dried and evaporated to give the free base (103 mg, 0.53 mmol, 88%). 
 
mp: 104-106°C. 
1H: (in DMSO-d6) 3.73 (s, 3H, OCH3), 4.20 (s, 2H, ArCH2), 6.89 (d, 2H, J=8.4 Hz), 
7.31 (d, 2H, J=8.4 Hz), 7.00-8.00 (br s, 3H, NH and NH2). 
13C: (in DMSO-d6) 33.5 (ArCH2), 55.1 (OCH3), 113.9 (CH), 128.6 (Cq), 130.0 
(CH), 158.5 (Cq), 163.3 (Cq). 
 
To a solution of 262 in DMSO-d6 was added K2CO3 and after shaking five minutes 
at r.t., NMR-spectra were recorded. 
 
1H: (in DMSO-d6) 3.74 (s, 3H, OCH3), 4.36 (s, 2H, ArCH2), 6.91 (d, 2H, J=8.6 Hz), 
7.34 (d, 2H, J=8.6 Hz), 7.50-10.00 (br s, 3H, NH and NH2). 
13C: (in DMSO-d6) 33.6 (ArCH2), 55.1 (OCH3), 114.0 (CH), 127.9 (Cq), 130.1 
(CH), 158.6 (Cq), 165.7 (Cq). 
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5.1 X-Ray diffraction data for structure 111 
 
 
 
Table 1.  Crystal data and structure refinement for gw50. 
 
Identification code  gw50 
Chemical formula  C13H24OS2 
Formula weight  260.44 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21 
Unit cell parameters a = 8.1567(6) Å α = 90° 
 b = 6.6861(5) Å β = 97.2784(11)° 
 c = 12.7905(10) Å γ = 90° 
Cell volume 691.93(9) Å3 
Z 2 
Calculated density  1.250 g/cm3 
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Absorption coefficient μ 0.364 mm−1 
F(000) 284 
Crystal colour and size colourless, 0.56 × 0.19 × 0.06 mm3 
Reflections for cell refinement 4348 (θ range 2.81 to 28.31°) 
Data collection method Bruker APEX II CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 1.61 to 28.31° 
Index ranges h −10 to 10, k −8 to 8, l −17 to 16 
Completeness to θ = 28.31° 99.8 %  
Intensity decay 0% 
Reflections collected 6972 
Independent reflections 3367 (Rint = 0.0170) 
Reflections with F2>2σ 3240 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.822 and 0.979 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0421, 0.0247 
Data / restraints / parameters 3367 / 1 / 148 
Final R indices [F2>2σ] R1 = 0.0263, wR2 = 0.0655 
R indices (all data) R1 = 0.0279, wR2 = 0.0665 
Goodness-of-fit on F2 1.055 
Absolute structure parameter  −0.04(5) 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.321 and −0.185 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw50.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
O(1) 0.91423(13)  −0.27283(18) 0.14581(9) 0.0297(2) 
S(1) 0.76910(4)  −0.14317(5) 0.10679(3) 0.02032(9) 
C(2) 0.76283(17) 0.0676(2) 0.20056(10) 0.0179(3) 
S(3) 0.60115(4) 0.23151(5) 0.13702(3) 0.02126(9) 
C(4) 0.69424(18) 0.3199(2) 0.02412(11) 0.0240(3) 
C(5) 0.7215(2) 0.1535(2)  −0.05232(12) 0.0250(3) 
C(6) 0.83551(19)  −0.0105(2)  −0.00431(11) 0.0244(3) 
C(7) 0.71393(18)  −0.0227(2) 0.30461(11) 0.0205(3) 
C(8) 0.72005(18) 0.1398(2) 0.38975(11) 0.0240(3) 
C(9) 0.88852(19) 0.2403(3) 0.40945(11) 0.0265(3) 
C(10) 0.93877(18) 0.3300(2) 0.30835(11) 0.0228(3) 
C(11) 0.93242(17) 0.1677(2) 0.22346(11) 0.0204(3) 
C(12) 0.55453(18)  −0.1501(3) 0.29714(12) 0.0269(3) 
C(13) 0.5718(2)  −0.3076(3) 0.38485(17) 0.0404(4) 
C(14) 0.3945(2)  −0.0348(3) 0.30198(15) 0.0358(4) 
C(15) 1.1097(2) 0.4262(3) 0.32624(13) 0.0297(3) 
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Table 3.   Bond lengths [Å] and angles [°] for gw50. 
 
O(1)–S(1)  1.5007(11) S(1)–C(6)  1.8151(14) 
S(1)–C(2)  1.8556(14) C(2)–C(11)  1.5311(18) 
C(2)–C(7)  1.5587(18) C(2)–S(3)  1.8244(14) 
S(3)–C(4)  1.8134(14) C(4)–C(5)  1.516(2) 
C(5)–C(6)  1.517(2) C(7)–C(8)  1.535(2) 
C(7)–C(12)  1.547(2) C(8)–C(9)  1.522(2) 
C(9)–C(10)  1.528(2) C(10)–C(15)  1.526(2) 
C(10)–C(11)  1.531(2) C(12)–C(14)  1.524(2) 
C(12)–C(13)  1.532(2)  
 
O(1)–S(1)–C(6) 103.98(7) O(1)–S(1)–C(2) 108.00(6) 
C(6)–S(1)–C(2) 99.80(7) C(11)–C(2)–C(7) 109.19(11) 
C(11)–C(2)–S(3) 114.04(10) C(7)–C(2)–S(3) 111.37(9) 
C(11)–C(2)–S(1) 110.94(9) C(7)–C(2)–S(1) 106.76(9) 
S(3)–C(2)–S(1) 104.23(7) C(4)–S(3)–C(2) 101.45(6) 
C(5)–C(4)–S(3) 112.64(10) C(4)–C(5)–C(6) 113.71(12) 
C(5)–C(6)–S(1) 116.23(10) C(8)–C(7)–C(12) 112.65(12) 
C(8)–C(7)–C(2) 110.03(12) C(12)–C(7)–C(2) 117.69(12) 
C(9)–C(8)–C(7) 112.19(12) C(8)–C(9)–C(10) 111.51(12) 
C(15)–C(10)–C(9) 112.12(12) C(15)–C(10)–C(11) 110.68(12) 
C(9)–C(10)–C(11) 109.47(12) C(2)–C(11)–C(10) 113.20(11) 
C(14)–C(12)–C(13) 108.52(13) C(14)–C(12)–C(7) 115.89(14) 
C(13)–C(12)–C(7) 109.56(13)  
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw50. 
 
      x       y       z       U 
 
H(4A) 0.6218 0.4229  −0.0132 0.029 
H(4B) 0.8017 0.3835 0.0490 0.029 
H(5A) 0.7687 0.2116  −0.1132 0.030 
H(5B) 0.6133 0.0938  −0.0792 0.030 
H(6A) 0.9452 0.0493 0.0187 0.029 
H(6B) 0.8499  −0.1092  −0.0601 0.029 
H(7) 0.8055  −0.1170 0.3300 0.025 
H(8A) 0.6349 0.2421 0.3677 0.029 
H(8B) 0.6937 0.0792 0.4562 0.029 
H(9A) 0.9723 0.1408 0.4381 0.032 
H(9B) 0.8853 0.3473 0.4626 0.032 
H(10) 0.8567 0.4360 0.2831 0.027 
H(11A) 0.9617 0.2280 0.1576 0.024 
H(11B) 1.0162 0.0643 0.2464 0.024 
H(12) 0.5437  −0.2227 0.2283 0.032 
H(13A) 0.5808  −0.2410 0.4536 0.061 
H(13B) 0.6712  −0.3879 0.3803 0.061 
H(13C) 0.4744  −0.3948 0.3767 0.061 
H(14A) 0.3009  −0.1278 0.2933 0.054 
H(14B) 0.3807 0.0650 0.2454 0.054 
H(14C) 0.3990 0.0325 0.3703 0.054 
H(15A) 1.1089 0.5365 0.3766 0.045 
H(15B) 1.1386 0.4778 0.2592 0.045 
H(15C) 1.1914 0.3261 0.3543 0.045 
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Table 5.  Torsion angles [°] for gw50. 
 
O(1)–S(1)–C(2)–C(11) 49.48(11) C(6)–S(1)–C(2)–C(11)  −58.81(10) 
O(1)–S(1)–C(2)–C(7)  −69.39(10) C(6)–S(1)–C(2)–C(7)  −177.68(10) 
O(1)–S(1)–C(2)–S(3) 172.64(6) C(6)–S(1)–C(2)–S(3) 64.35(8) 
C(11)–C(2)–S(3)–C(4) 53.68(11) C(7)–C(2)–S(3)–C(4) 177.81(10) 
S(1)–C(2)–S(3)–C(4)  −67.44(8) C(2)–S(3)–C(4)–C(5) 64.70(12) 
S(3)–C(4)–C(5)–C(6)  −60.52(15) C(4)–C(5)–C(6)–S(1) 60.31(16) 
O(1)–S(1)–C(6)–C(5)  −172.48(11) C(2)–S(1)–C(6)–C(5)  −61.00(12) 
C(11)–C(2)–C(7)–C(8) 55.30(15) S(3)–C(2)–C(7)–C(8)  −71.53(13) 
S(1)–C(2)–C(7)–C(8) 175.30(10) C(11)–C(2)–C(7)–C(12) −173.85(12) 
S(3)–C(2)–C(7)–C(12) 59.33(15) S(1)–C(2)–C(7)–C(12)  −53.84(15) 
C(12)–C(7)–C(8)–C(9) 170.21(13) C(2)–C(7)–C(8)–C(9)  −56.32(16) 
C(7)–C(8)–C(9)–C(10) 56.71(17) C(8)–C(9)–C(10)–C(15) −178.38(13) 
C(8)–C(9)–C(10)–C(11)  −55.16(16) C(7)–C(2)–C(11)–C(10)  −57.15(15) 
S(3)–C(2)–C(11)–C(10) 68.14(13) S(1)–C(2)–C(11)–C(10)  −174.55(9) 
C(15)–C(10)–C(11)–C(2)  −179.06(12) C(9)–C(10)–C(11)–C(2) 56.87(15) 
C(8)–C(7)–C(12)–C(14) 43.32(18) C(2)–C(7)–C(12)–C(14)  −86.32(16) 
C(8)–C(7)–C(12)–C(13)  −79.85(16) C(2)–C(7)–C(12)–C(13) 150.50(13) 
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5.2 X-Ray diffraction data for structure 134 
 
 
 
Table 1.  Crystal data and structure refinement for gw77. 
 
Identification code  gw77 
Chemical formula  C14H26OS2 
Formula weight  274.47 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  orthorhombic, P212121 
Unit cell parameters a = 8.1947(5) Å α = 90° 
 b = 9.7139(6) Å β = 90° 
 c = 19.6679(11) Å γ = 90° 
Cell volume 1565.61(16) Å3 
Z 4 
Calculated density  1.164 g/cm3 
Absorption coefficient μ 0.325 mm−1 
F(000) 600 
Crystal colour and size colourless, 1.08 × 0.48 × 0.26 mm3 
Reflections for cell refinement 11850 (θ range 2.34 to 31.35°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.07 to 31.63° 
Index ranges h −11 to 11, k −14 to 14, l −28 to 28 
Completeness to θ = 29.00° 99.9 %  
Intensity decay 0% 
Reflections collected 18432 
 173
Independent reflections 4918 (Rint = 0.0202) 
Reflections with F2>2σ 4761 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.720 and 0.920 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0463, 0.0842 
Data / restraints / parameters 4918 / 0 / 158 
Final R indices [F2>2σ] R1 = 0.0261, wR2 = 0.0707 
R indices (all data) R1 = 0.0274, wR2 = 0.0717 
Goodness-of-fit on F2 1.080 
Absolute structure parameter 0.04(4) 
Largest and mean shift/su 0.002 and 0.000 
Largest diff. peak and hole 0.329 and −0.152 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters 
(Å2) 
for gw77.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
S(1) 0.30040(3) 0.03134(2) 0.760153(12) 0.02403(6) 
S(3) 0.18880(3) 0.18584(3) 0.879425(13) 0.02719(6) 
O(1) 0.44731(11) −0.03922(9) 0.73052(4) 0.03568(18) 
C(2) 0.35715(11) 0.08239(9) 0.84799(5) 0.02026(16) 
C(4) 0.19237(15) 0.33233(11) 0.82234(6) 0.0329(2) 
C(5) 0.16119(16) 0.29192(12) 0.74873(6) 0.0366(3) 
C(6) 0.29346(15) 0.19961(11) 0.71864(5) 0.0294(2) 
C(7) 0.36770(13) −0.05454(10) 0.88891(5) 0.02413(18) 
C(8) 0.44078(16) −0.02896(12) 0.96004(5) 0.0336(2) 
C(9) 0.60556(16) 0.04338(12) 0.95701(6) 0.0357(2) 
C(10) 0.59396(13) 0.17900(11) 0.91847(5) 0.0276(2) 
C(11) 0.52270(12) 0.15464(10) 0.84743(5) 0.02355(18) 
C(12) 0.20854(15) −0.14203(11) 0.89106(5) 0.0297(2) 
C(13) 0.2516(2)  −0.29525(13) 0.88722(8) 0.0456(3) 
C(14) 0.0988(2)  −0.11712(15) 0.95301(7) 0.0445(3) 
C(15) 0.76051(16) 0.24802(15) 0.91208(8) 0.0414(3) 
C(16) 0.26480(19) 0.16919(14) 0.64322(6) 0.0425(3) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw77. 
 
S(1)–O(1)  1.5029(9) S(1)–C(6)  1.8280(11) 
S(1)–C(2)  1.8564(9) S(3)–C(4)  1.8128(11) 
S(3)–C(2)  1.8153(10) C(2)–C(11)  1.5275(13) 
C(2)–C(7)  1.5571(13) C(4)–C(5)  1.5217(17) 
C(5)–C(6)  1.5262(18) C(6)–C(16)  1.5306(16) 
C(7)–C(8)  1.5418(14) C(7)–C(12)  1.5573(15) 
C(8)–C(9)  1.5233(18) C(9)–C(10)  1.5229(16) 
C(10)–C(15)  1.5258(16) C(10)–C(11)  1.5327(14) 
 174
C(12)–C(13)  1.5316(17) C(12)–C(14)  1.5337(17) 
 
O(1)–S(1)–C(6) 105.04(5) O(1)–S(1)–C(2) 106.38(4) 
C(6)–S(1)–C(2) 100.64(5) C(4)–S(3)–C(2) 102.20(5) 
C(11)–C(2)–C(7) 110.30(8) C(11)–C(2)–S(3) 115.02(6) 
C(7)–C(2)–S(3) 109.82(6) C(11)–C(2)–S(1) 109.79(6) 
C(7)–C(2)–S(1) 105.47(6) S(3)–C(2)–S(1) 105.93(5) 
C(5)–C(4)–S(3) 112.59(8) C(4)–C(5)–C(6) 113.66(9) 
C(5)–C(6)–C(16) 112.35(10) C(5)–C(6)–S(1) 111.98(8) 
C(16)–C(6)–S(1) 105.37(8) C(8)–C(7)–C(2) 110.67(8) 
C(8)–C(7)–C(12) 112.87(8) C(2)–C(7)–C(12) 115.70(8) 
C(9)–C(8)–C(7) 112.53(9) C(10)–C(9)–C(8) 111.30(9) 
C(9)–C(10)–C(15) 111.43(10) C(9)–C(10)–C(11) 110.12(8) 
C(15)–C(10)–C(11) 109.49(10) C(2)–C(11)–C(10) 113.76(8) 
C(13)–C(12)–C(14) 109.14(10) C(13)–C(12)–C(7) 109.62(10) 
C(14)–C(12)–C(7) 115.26(9)  
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for 
gw77. 
      x       y       z       U 
 
H(4A) 0.1083 0.3994 0.8368 0.040 
H(4B) 0.3000 0.3781 0.8256 0.040 
H(5A) 0.1529 0.3766 0.7209 0.044 
H(5B) 0.0551 0.2435 0.7459 0.044 
H(6) 0.4018 0.2458 0.7240 0.035 
H(7) 0.4496  −0.1125 0.8644 0.029 
H(8A) 0.3640 0.0279 0.9869 0.040 
H(8B) 0.4538  −0.1182 0.9837 0.040 
H(9A) 0.6447 0.0612 1.0038 0.043 
H(9B) 0.6858  −0.0173 0.9343 0.043 
H(10) 0.5194 0.2421 0.9440 0.033 
H(11A) 0.5110 0.2445 0.8242 0.028 
H(11B) 0.6005 0.0984 0.8208 0.028 
H(12) 0.1436  −0.1189 0.8496 0.036 
H(13A) 0.3245  −0.3192 0.9249 0.068 
H(13B) 0.3064  −0.3144 0.8440 0.068 
H(13C) 0.1516  −0.3502 0.8903 0.068 
H(14A)  −0.0047  −0.1663 0.9469 0.067 
H(14B) 0.0773  −0.0183 0.9576 0.067 
H(14C) 0.1535  −0.1509 0.9941 0.067 
H(15A) 0.8075 0.2610 0.9574 0.062 
H(15B) 0.7479 0.3377 0.8898 0.062 
H(15C) 0.8330 0.1897 0.8849 0.062 
H(16A) 0.1596 0.1226 0.6376 0.064 
H(16B) 0.3524 0.1098 0.6261 0.064 
H(16C) 0.2641 0.2557 0.6176 0.064 
 
Table 5.  Torsion angles [°] for gw77. 
 
C(4)–S(3)–C(2)–C(11) 58.04(8) C(4)–S(3)–C(2)–C(7)  −176.85(7) 
C(4)–S(3)–C(2)–S(1)  −63.42(6) O(1)–S(1)–C(2)–C(11) 48.34(8) 
 175
C(6)–S(1)–C(2)–C(11)  −60.96(7) O(1)–S(1)–C(2)–C(7)  −70.49(7) 
C(6)–S(1)–C(2)–C(7)  −179.78(7) O(1)–S(1)–C(2)–S(3) 173.10(5) 
C(6)–S(1)–C(2)–S(3) 63.81(6) C(2)–S(3)–C(4)–C(5) 62.23(10) 
S(3)–C(4)–C(5)–C(6)  −64.52(12) C(4)–C(5)–C(6)–C(16)  
−175.96(10) 
C(4)–C(5)–C(6)–S(1) 65.68(12) O(1)–S(1)–C(6)–C(5)  −173.67(8) 
C(2)–S(1)–C(6)–C(5)  −63.34(9) O(1)–S(1)–C(6)–C(16) 63.90(10) 
C(2)–S(1)–C(6)–C(16) 174.24(9) C(11)–C(2)–C(7)–C(8) 52.44(11) 
S(3)–C(2)–C(7)–C(8)  −75.34(10) S(1)–C(2)–C(7)–C(8) 170.92(8) 
C(11)–C(2)–C(7)–C(12)  −177.59(8) S(3)–C(2)–C(7)–C(12) 54.63(10) 
S(1)–C(2)–C(7)–C(12)  −59.10(9) C(2)–C(7)–C(8)–C(9)  −54.64(12) 
C(12)–C(7)–C(8)–C(9) 173.91(9) C(7)–C(8)–C(9)–C(10) 56.46(13) 
C(8)–C(9)–C(10)–C(15)  −176.98(10) C(8)–C(9)–C(10)–C(11)  
−55.29(13) 
C(7)–C(2)–C(11)–C(10)  −54.35(10) S(3)–C(2)–C(11)–C(10) 70.50(9) 
S(1)–C(2)–C(11)–C(10)  −170.16(7) C(9)–C(10)–C(11)–C(2) 55.71(12) 
C(15)–C(10)–C(11)–C(2) 178.55(9) C(8)–C(7)–C(12)–C(13)  
−88.77(12) 
C(2)–C(7)–C(12)–C(13) 142.33(10) C(8)–C(7)–C(12)–C(14) 34.81(14) 
C(2)–C(7)–C(12)–C(14)  −94.10(12)  
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5.3 X-Ray diffraction data for structure 135 
 
 
 
Table 1.  Crystal data and structure refinement for gw78. 
 
Identification code  gw78 
Chemical formula  C20H30OS2 
Formula weight  350.56 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21 
Unit cell parameters a = 8.490(3) Å α = 90° 
 b = 20.303(6) Å β = 90.152(5)° 
 c = 11.090(3) Å γ = 90° 
Cell volume 1911.6(10) Å3 
Z 4 
Calculated density  1.218 g/cm3 
Absorption coefficient μ 0.281 mm−1 
F(000) 760 
Crystal colour and size colourless, 0.68 × 0.56 × 0.23 mm3 
Reflections for cell refinement 9628 (θ range 2.40 to 29.35°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 1.00 to 29.73° 
Index ranges h −11 to 11, k −28 to 28, l −15 to 15 
Completeness to θ = 29.73° 98.5 %  
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Intensity decay 0% 
Reflections collected 19844 
Independent reflections 10576 (Rint = 0.0565) 
Reflections with F2>2σ 8841 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.832 and 0.938 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.1512, 0.0000 
Data / restraints / parameters 10576 / 49 / 422 
Final R indices [F2>2σ] R1 = 0.0793, wR2 = 0.2030 
R indices (all data) R1 = 0.0973, wR2 = 0.2225 
Goodness-of-fit on F2 1.081 
Absolute structure parameter  −0.30(14) 
Largest and mean shift/su 0.000 and 0.000 
Largest diff. peak and hole 1.011 and −0.805 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw78.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
O(1) 0.7977(7) 0.21165(19) 0.5844(4) 0.0361(11) 
S(1) 0.86806(18) 0.17865(6) 0.47796(12) 0.0256(3) 
C(2) 0.7360(7) 0.1091(2) 0.4327(5) 0.0217(10) 
S(3) 0.81352(19) 0.07482(6) 0.29632(12) 0.0273(3) 
C(4) 0.7945(8) 0.1435(3) 0.1935(5) 0.0271(11) 
C(5) 0.8855(8) 0.2038(3) 0.2331(5) 0.0300(12) 
C(6) 0.8286(8) 0.2343(3) 0.3496(6) 0.0294(12) 
C(7) 0.7457(7) 0.0587(2) 0.5370(5) 0.0244(11) 
C(8) 0.6268(8) 0.0027(3) 0.5165(5) 0.0308(12) 
C(9) 0.4568(9) 0.0289(3) 0.5017(6) 0.0358(14) 
C(10) 0.4432(8) 0.0789(3) 0.3984(6) 0.0301(12) 
C(11) 0.5630(8) 0.1338(3) 0.4184(6) 0.0299(13) 
C(12) 0.9105(9) 0.0316(3) 0.5741(6) 0.0342(14) 
C(13) 0.9647(10)  −0.0295(4) 0.5062(7) 0.0438(17) 
C(14) 0.9215(11) 0.0203(4) 0.7103(7) 0.0463(17) 
C(15) 0.2799(9) 0.1070(4) 0.3823(8) 0.0446(17) 
C(16) 0.9068(9) 0.3016(3) 0.3765(7) 0.0388(16) 
C(17) 1.0789(8) 0.3080(3) 0.3512(5) 0.0294(12) 
C(18) 1.1245(9) 0.3322(3) 0.2403(6) 0.0359(13) 
C(19) 1.2802(10) 0.3381(3) 0.2122(8) 0.0479(19) 
C(20) 1.3969(9) 0.3191(4) 0.2919(8) 0.0508(19) 
C(21) 1.3527(12) 0.2951(3) 0.4046(8) 0.050(2) 
C(22) 1.1967(10) 0.2894(3) 0.4344(6) 0.0386(15) 
O(2) 0.6966(6) 0.2963(2) 1.0583(4) 0.0372(10) 
S(23) 0.61102(17) 0.32656(6) 0.95213(12) 0.0258(3) 
C(24) 0.7370(7) 0.3958(2) 0.8998(5) 0.0244(11) 
S(25) 0.6373(2) 0.42883(6) 0.76629(12) 0.0273(3) 
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C(26) 0.6428(9) 0.3595(3) 0.6636(5) 0.0314(13) 
C(27) 0.5560(8) 0.2989(3) 0.7108(6) 0.0316(13) 
C(28) 0.6335(8) 0.2702(3) 0.8247(5) 0.0266(11) 
C(29) 0.7380(8) 0.4481(3) 1.0034(5) 0.0276(12) 
C(30) 0.8581(9) 0.5030(3) 0.9793(6) 0.0374(14) 
C(31) 1.0210(9) 0.4765(3) 0.9616(6) 0.0356(14) 
C(32) 1.0229(7) 0.4270(3) 0.8578(6) 0.0326(13) 
C(33) 0.9051(7) 0.3714(3) 0.8802(6) 0.0290(12) 
C(34) 0.5749(9) 0.4739(3) 1.0415(5) 0.0317(12) 
C(35) 0.5819(11) 0.4887(4) 1.1776(6) 0.0426(17) 
C(36) 0.5141(11) 0.5356(3) 0.9763(7) 0.0428(16) 
C(37) 1.1851(8) 0.3983(4) 0.8387(8) 0.0458(18) 
C(38) 0.5679(9) 0.2010(3) 0.8583(7) 0.0367(15) 
C(39) 0.3930(9) 0.1986(3) 0.8666(6) 0.0334(12) 
C(40) 0.2981(12) 0.1833(4) 0.7669(8) 0.0512(16) 
C(41) 0.1356(13) 0.1802(4) 0.7755(11) 0.071(2) 
C(42) 0.0679(11) 0.1927(4) 0.8842(13) 0.073(2) 
C(43) 0.1585(13) 0.2090(4) 0.9829(11) 0.067(2) 
C(44) 0.3210(11) 0.2111(3) 0.9744(7) 0.0451(15) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw78. 
 
O(1)–S(1)  1.484(4) S(1)–C(6)  1.847(6) 
S(1)–C(2)  1.870(6) C(2)–C(7)  1.547(7) 
C(2)–C(11)  1.560(8) C(2)–S(3)  1.792(5) 
S(3)–C(4)  1.808(6) C(4)–C(5)  1.513(8) 
C(5)–C(6)  1.512(8) C(6)–C(16)  1.548(9) 
C(7)–C(8)  1.536(8) C(7)–C(12)  1.558(10) 
C(8)–C(9)  1.546(11) C(9)–C(10)  1.535(9) 
C(10)–C(15)  1.509(10) C(10)–C(11)  1.524(8) 
C(12)–C(13)  1.522(10) C(12)–C(14)  1.530(9) 
C(16)–C(17)  1.495(10) C(17)–C(18)  1.381(9) 
C(17)–C(22)  1.411(10) C(18)–C(19)  1.365(11) 
C(19)–C(20)  1.381(12) C(20)–C(21)  1.394(12) 
C(21)–C(22)  1.371(13) O(2)–S(23)  1.512(5) 
S(23)–C(28)  1.829(6) S(23)–C(24)  1.860(5) 
C(24)–C(33)  1.527(8) C(24)–C(29)  1.564(8) 
C(24)–S(25)  1.831(6) S(25)–C(26)  1.812(6) 
C(26)–C(27)  1.527(8) C(27)–C(28)  1.538(9) 
C(28)–C(38)  1.556(8) C(29)–C(30)  1.534(9) 
C(29)–C(34)  1.540(9) C(30)–C(31)  1.498(11) 
C(31)–C(32)  1.527(10) C(32)–C(37)  1.511(10) 
C(32)–C(33)  1.529(8) C(34)–C(36)  1.536(10) 
C(34)–C(35)  1.540(9) C(38)–C(39)  1.489(11) 
C(39)–C(44)  1.368(10) C(39)–C(40)  1.402(11) 
C(40)–C(41)  1.385(15) C(41)–C(42)  1.361(17) 
C(42)–C(43)  1.377(17) C(43)–C(44)  1.384(14) 
 
O(1)–S(1)–C(6) 105.3(3) O(1)–S(1)–C(2) 108.2(3) 
C(6)–S(1)–C(2) 98.5(3) C(7)–C(2)–C(11) 109.7(5) 
C(7)–C(2)–S(3) 110.8(4) C(11)–C(2)–S(3) 112.8(4) 
C(7)–C(2)–S(1) 105.6(4) C(11)–C(2)–S(1) 110.4(3) 
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S(3)–C(2)–S(1) 107.4(3) C(2)–S(3)–C(4) 101.5(2) 
C(5)–C(4)–S(3) 113.3(4) C(6)–C(5)–C(4) 114.5(5) 
C(5)–C(6)–C(16) 112.8(5) C(5)–C(6)–S(1) 110.5(4) 
C(16)–C(6)–S(1) 108.3(5) C(8)–C(7)–C(2) 110.2(5) 
C(8)–C(7)–C(12) 111.6(4) C(2)–C(7)–C(12) 118.5(5) 
C(7)–C(8)–C(9) 112.0(5) C(10)–C(9)–C(8) 112.0(5) 
C(15)–C(10)–C(11) 110.7(5) C(15)–C(10)–C(9) 113.9(6) 
C(11)–C(10)–C(9) 109.0(6) C(10)–C(11)–C(2) 114.0(5) 
C(13)–C(12)–C(14) 110.4(6) C(13)–C(12)–C(7) 115.4(6) 
C(14)–C(12)–C(7) 111.5(6) C(17)–C(16)–C(6) 117.4(6) 
C(18)–C(17)–C(22) 118.6(7) C(18)–C(17)–C(16) 118.4(7) 
C(22)–C(17)–C(16) 123.0(6) C(19)–C(18)–C(17) 120.6(7) 
C(18)–C(19)–C(20) 121.5(7) C(19)–C(20)–C(21) 118.5(7) 
C(22)–C(21)–C(20) 120.6(8) C(21)–C(22)–C(17) 120.2(7) 
O(2)–S(23)–C(28) 107.2(3) O(2)–S(23)–C(24) 105.9(3) 
C(28)–S(23)–C(24) 99.8(3) C(33)–C(24)–C(29) 108.8(5) 
C(33)–C(24)–S(25) 115.7(4) C(29)–C(24)–S(25) 110.3(4) 
C(33)–C(24)–S(23) 109.8(3) C(29)–C(24)–S(23) 106.6(4) 
S(25)–C(24)–S(23) 105.3(3) C(26)–S(25)–C(24) 102.2(3) 
C(27)–C(26)–S(25) 113.4(4) C(26)–C(27)–C(28) 112.4(6) 
C(27)–C(28)–C(38) 112.7(5) C(27)–C(28)–S(23) 110.6(4) 
C(38)–C(28)–S(23) 110.0(4) C(30)–C(29)–C(34) 113.5(5) 
C(30)–C(29)–C(24) 111.5(5) C(34)–C(29)–C(24) 115.4(5) 
C(31)–C(30)–C(29) 112.1(5) C(30)–C(31)–C(32) 110.3(6) 
C(37)–C(32)–C(31) 111.8(6) C(37)–C(32)–C(33) 109.5(5) 
C(31)–C(32)–C(33) 110.8(5) C(24)–C(33)–C(32) 113.3(5) 
C(36)–C(34)–C(35) 108.3(5) C(36)–C(34)–C(29) 116.7(6) 
C(35)–C(34)–C(29) 107.6(6) C(39)–C(38)–C(28) 113.7(5) 
C(44)–C(39)–C(40) 118.2(8) C(44)–C(39)–C(38) 119.8(7) 
C(40)–C(39)–C(38) 122.0(7) C(41)–C(40)–C(39) 121.7(9) 
C(42)–C(41)–C(40) 118.4(10) C(41)–C(42)–C(43) 120.8(9) 
C(42)–C(43)–C(44) 120.5(10) C(39)–C(44)–C(43) 120.2(9) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw78. 
 
      x       y       z       U 
 
H(4A) 0.8321 0.1298 0.1129 0.033 
H(4B) 0.6817 0.1552 0.1859 0.033 
H(5A) 0.9977 0.1916 0.2428 0.036 
H(5B) 0.8791 0.2373 0.1685 0.036 
H(6) 0.7122 0.2411 0.3433 0.035 
H(7) 0.7064 0.0828 0.6096 0.029 
H(8A) 0.6308  −0.0280 0.5857 0.037 
H(8B) 0.6566  −0.0221 0.4432 0.037 
H(9A) 0.3850  −0.0085 0.4858 0.043 
H(9B) 0.4234 0.0501 0.5779 0.043 
H(10) 0.4719 0.0558 0.3220 0.036 
H(11A) 0.5333 0.1587 0.4917 0.036 
H(11B) 0.5578 0.1646 0.3493 0.036 
H(12) 0.9881 0.0671 0.5548 0.041 
H(13A) 0.8942  −0.0663 0.5247 0.066 
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H(13B) 1.0723  −0.0407 0.5309 0.066 
H(13C) 0.9623  −0.0207 0.4193 0.066 
H(14A) 0.8776 0.0584 0.7527 0.069 
H(14B) 1.0321 0.0145 0.7335 0.069 
H(14C) 0.8618  −0.0193 0.7318 0.069 
H(15A) 0.2460 0.1277 0.4577 0.067 
H(15B) 0.2066 0.0716 0.3610 0.067 
H(15C) 0.2811 0.1400 0.3178 0.067 
H(16A) 0.8507 0.3356 0.3291 0.047 
H(16B) 0.8898 0.3118 0.4628 0.047 
H(18) 1.0467 0.3449 0.1831 0.043 
H(19) 1.3091 0.3557 0.1360 0.057 
H(20) 1.5049 0.3222 0.2703 0.061 
H(21) 1.4313 0.2827 0.4613 0.060 
H(22) 1.1679 0.2728 0.5114 0.046 
H(26A) 0.5953 0.3729 0.5857 0.038 
H(26B) 0.7541 0.3476 0.6483 0.038 
H(27A) 0.5538 0.2648 0.6471 0.038 
H(27B) 0.4458 0.3111 0.7293 0.038 
H(28) 0.7487 0.2653 0.8084 0.032 
H(29) 0.7794 0.4242 1.0757 0.033 
H(30A) 0.8258 0.5277 0.9064 0.045 
H(30B) 0.8585 0.5340 1.0481 0.045 
H(31A) 1.0573 0.4547 1.0365 0.043 
H(31B) 1.0941 0.5131 0.9436 0.043 
H(32) 0.9909 0.4506 0.7824 0.039 
H(33A) 0.9063 0.3411 0.8103 0.035 
H(33B) 0.9391 0.3461 0.9521 0.035 
H(34) 0.4967 0.4377 1.0285 0.038 
H(35A) 0.6735 0.5165 1.1949 0.064 
H(35B) 0.5908 0.4473 1.2225 0.064 
H(35C) 0.4856 0.5117 1.2019 0.064 
H(36A) 0.5871 0.5722 0.9903 0.064 
H(36B) 0.4098 0.5472 1.0074 0.064 
H(36C) 0.5066 0.5268 0.8896 0.064 
H(37A) 1.2099 0.3678 0.9047 0.069 
H(37B) 1.2631 0.4338 0.8373 0.069 
H(37C) 1.1874 0.3745 0.7619 0.069 
H(38A) 0.6030 0.1688 0.7969 0.044 
H(38B) 0.6133 0.1875 0.9368 0.044 
H(40) 0.3466 0.1747 0.6914 0.061 
H(41) 0.0729 0.1697 0.7071 0.085 
H(42)  −0.0433 0.1900 0.8921 0.088 
H(43) 0.1091 0.2189 1.0575 0.081 
H(44) 0.3827 0.2212 1.0435 0.054 
 
Table 5.  Torsion angles [°] for gw78. 
 
O(1)–S(1)–C(2)–C(7)  −66.9(4) C(6)–S(1)–C(2)–C(7)  −176.2(4) 
O(1)–S(1)–C(2)–C(11) 51.6(4) C(6)–S(1)–C(2)–C(11)  −57.7(4) 
O(1)–S(1)–C(2)–S(3) 174.9(3) C(6)–S(1)–C(2)–S(3) 65.6(3) 
C(7)–C(2)–S(3)–C(4)  −178.1(4) C(11)–C(2)–S(3)–C(4) 58.5(4) 
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S(1)–C(2)–S(3)–C(4)  −63.3(3) C(2)–S(3)–C(4)–C(5) 59.9(5) 
S(3)–C(4)–C(5)–C(6)  −64.5(6) C(4)–C(5)–C(6)–C(16)  −171.0(6) 
C(4)–C(5)–C(6)–S(1) 67.6(6) O(1)–S(1)–C(6)–C(5)  −176.2(4) 
C(2)–S(1)–C(6)–C(5)  −64.7(5) O(1)–S(1)–C(6)–C(16) 59.7(5) 
C(2)–S(1)–C(6)–C(16) 171.3(4) C(11)–C(2)–C(7)–C(8) 54.6(6) 
S(3)–C(2)–C(7)–C(8)  −70.5(5) S(1)–C(2)–C(7)–C(8) 173.5(4) 
C(11)–C(2)–C(7)–C(12)  −175.2(5) S(3)–C(2)–C(7)–C(12) 59.6(6) 
S(1)–C(2)–C(7)–C(12)  −56.3(5) C(2)–C(7)–C(8)–C(9)  −56.2(6) 
C(12)–C(7)–C(8)–C(9) 170.0(5) C(7)–C(8)–C(9)–C(10) 56.9(7) 
C(8)–C(9)–C(10)–C(15)  −178.8(6) C(8)–C(9)–C(10)–C(11)  −54.6(6) 
C(15)–C(10)–C(11)–C(2)  −178.6(6) C(9)–C(10)–C(11)–C(2) 55.4(7) 
C(7)–C(2)–C(11)–C(10)  −56.2(7) S(3)–C(2)–C(11)–C(10) 67.8(6) 
S(1)–C(2)–C(11)–C(10)  −172.1(4) C(8)–C(7)–C(12)–C(13) 41.0(7) 
C(2)–C(7)–C(12)–C(13)  −88.6(6) C(8)–C(7)–C(12)–C(14)  −86.0(6) 
C(2)–C(7)–C(12)–C(14) 144.5(5) C(5)–C(6)–C(16)–C(17)  −40.9(9) 
S(1)–C(6)–C(16)–C(17) 81.7(7) C(6)–C(16)–C(17)–C(18) 93.3(8) 
C(6)–C(16)–C(17)–C(22)  −85.5(8) C(22)–C(17)–C(18)–C(19)  −0.2(9) 
C(16)–C(17)–C(18)–C(19)  −179.0(6) C(17)–C(18)–C(19)–C(20) 1.3(10) 
C(18)–C(19)–C(20)–C(21)  −1.9(11) C(19)–C(20)–C(21)–C(22) 1.4(11) 
C(20)–C(21)–C(22)–C(17)  −0.3(10) C(18)–C(17)–C(22)–C(21)  −0.3(9) 
C(16)–C(17)–C(22)–C(21) 178.5(6) O(2)–S(23)–C(24)–C(33) 51.7(5) 
C(28)–S(23)–C(24)–C(33)  −59.5(5) O(2)–S(23)–C(24)–C(29)  −65.9(4) 
C(28)–S(23)–C(24)–C(29)  −177.2(4) O(2)–S(23)–C(24)–S(25) 176.9(3) 
C(28)–S(23)–C(24)–S(25) 65.7(3) C(33)–C(24)–S(25)–C(26) 58.6(5) 
C(29)–C(24)–S(25)–C(26)  −177.5(4) S(23)–C(24)–S(25)–C(26)  −62.8(3) 
C(24)–S(25)–C(26)–C(27) 61.1(6) S(25)–C(26)–C(27)–C(28)  −64.8(6) 
C(26)–C(27)–C(28)–C(38)  −168.2(5) C(26)–C(27)–C(28)–S(23) 68.2(6) 
O(2)–S(23)–C(28)–C(27)  −177.4(4) C(24)–S(23)–C(28)–C(27)  −67.2(5) 
O(2)–S(23)–C(28)–C(38) 57.5(5) C(24)–S(23)–C(28)–C(38) 167.7(5) 
C(33)–C(24)–C(29)–C(30) 53.1(6) S(25)–C(24)–C(29)–C(30)  −74.8(6) 
S(23)–C(24)–C(29)–C(30) 171.4(5) C(33)–C(24)–C(29)–C(34)  
−175.4(5) 
S(25)–C(24)–C(29)–C(34) 56.7(6) S(23)–C(24)–C(29)–C(34)  −57.1(6) 
C(34)–C(29)–C(30)–C(31) 171.0(6) C(24)–C(29)–C(30)–C(31)  −56.5(7) 
C(29)–C(30)–C(31)–C(32) 57.4(7) C(30)–C(31)–C(32)–C(37)  
−179.0(6) 
C(30)–C(31)–C(32)–C(33)  −56.5(7) C(29)–C(24)–C(33)–C(32)  −54.0(6) 
S(25)–C(24)–C(33)–C(32) 70.8(6) S(23)–C(24)–C(33)–C(32) −170.2(4) 
C(37)–C(32)–C(33)–C(24)  −179.6(6) C(31)–C(32)–C(33)–C(24) 56.6(7) 
C(30)–C(29)–C(34)–C(36) 39.5(8) C(24)–C(29)–C(34)–C(36)  −91.0(7) 
C(30)–C(29)–C(34)–C(35)  −82.4(6) C(24)–C(29)–C(34)–C(35) 147.0(5) 
C(27)–C(28)–C(38)–C(39)  −52.3(8) S(23)–C(28)–C(38)–C(39) 71.7(7) 
C(28)–C(38)–C(39)–C(44)  −90.2(8) C(28)–C(38)–C(39)–C(40) 90.3(8) 
C(44)–C(39)–C(40)–C(41)  −0.3(11) C(38)–C(39)–C(40)–C(41) 179.1(7) 
C(39)–C(40)–C(41)–C(42) 0.1(13) C(40)–C(41)–C(42)–C(43) 1.1(13) 
C(41)–C(42)–C(43)–C(44)  −2.0(13) C(40)–C(39)–C(44)–C(43)  −0.6(10) 
C(38)–C(39)–C(44)–C(43) 180.0(7) C(42)–C(43)–C(44)–C(39) 1.7(12) 
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5.4 X-Ray diffraction data for structure 155 
 
 
 
Table 1.  Crystal data and structure refinement for gw51. 
 
Identification code  gw51 
Chemical formula  C14H18O2S 
Formula weight  250.34 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/n 
Unit cell parameters a = 13.4535(7) Å α = 90° 
 b = 5.5895(3) Å β = 104.9012(8)° 
 c = 18.0149(9) Å γ = 90° 
Cell volume 1309.13(12) Å3 
Z 4 
Calculated density  1.270 g/cm3 
Absorption coefficient μ 0.235 mm−1 
F(000) 536 
Crystal colour and size colourless, 0.62 × 0.21 × 0.15 mm3 
Reflections for cell refinement 4443 (θ range 2.34 to 29.93°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 1.70 to 30.54° 
Index ranges h −19 to 18, k −7 to 7, l −25 to 25 
Completeness to θ = 30.54° 99.0 %  
Intensity decay 0% 
Reflections collected 14526 
Independent reflections 3950 (Rint = 0.0279) 
 183
Reflections with F2>2σ 3221 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.868 and 0.966 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0618, 0.1861 
Data / restraints / parameters 3950 / 0 / 157 
Final R indices [F2>2σ] R1 = 0.0386, wR2 = 0.1035 
R indices (all data) R1 = 0.0485, wR2 = 0.1104 
Goodness-of-fit on F2 1.062 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.378 and −0.175 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw51.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
C(1) 0.98110(9) 0.2597(2) 0.06597(6) 0.0251(2) 
O(1) 0.90135(7) 0.11773(19) 0.04011(6) 0.0371(2) 
O(2) 1.06373(6) 0.22466(19) 0.05008(5) 0.0344(2) 
C(2) 0.96083(8) 0.4582(2) 0.11432(6) 0.0230(2) 
C(3) 1.03879(9) 0.5862(2) 0.15914(7) 0.0247(2) 
C(4) 1.15111(9) 0.5438(3) 0.16509(8) 0.0357(3) 
C(5) 1.02084(10) 0.7879(2) 0.20949(8) 0.0302(3) 
C(6) 0.84854(8) 0.4952(2) 0.11299(7) 0.0254(2) 
C(7) 0.81997(9) 0.3474(2) 0.17582(7) 0.0248(2) 
S(1) 0.68556(2) 0.35392(6) 0.175418(17) 0.02679(10) 
C(8) 0.63162(10) 0.1420(3) 0.09863(9) 0.0367(3) 
C(9) 0.52109(9) 0.0951(2) 0.09786(7) 0.0264(2) 
C(10) 0.44495(10) 0.2626(2) 0.06786(7) 0.0294(3) 
C(11) 0.34403(10) 0.2229(2) 0.06969(7) 0.0305(3) 
C(12) 0.31753(9) 0.0158(2) 0.10176(8) 0.0305(3) 
C(13) 0.39236(10)  −0.1532(2) 0.13136(8) 0.0314(3) 
C(14) 0.49347(9)  −0.1140(2) 0.12901(7) 0.0290(3) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw51. 
 
C(1)–O(2)  1.2327(13) C(1)–O(1)  1.3195(14) 
C(1)–C(2)  1.4786(17) C(2)–C(3)  1.3523(16) 
C(2)–C(6)  1.5188(15) C(3)–C(5)  1.5046(18) 
C(3)–C(4)  1.5060(17) C(6)–C(7)  1.5278(16) 
C(7)–S(1)  1.8067(11) S(1)–C(8)  1.8241(13) 
C(8)–C(9)  1.5066(17) C(9)–C(14)  1.3877(18) 
C(9)–C(10)  1.3904(18) C(10)–C(11)  1.3844(17) 
C(11)–C(12)  1.381(2) C(12)–C(13)  1.3837(18) 
C(13)–C(14)  1.3892(18)  
 
O(2)–C(1)–O(1) 121.50(11) O(2)–C(1)–C(2) 124.75(11) 
O(1)–C(1)–C(2) 113.75(10) C(3)–C(2)–C(1) 121.11(10) 
C(3)–C(2)–C(6) 123.57(11) C(1)–C(2)–C(6) 115.22(10) 
C(2)–C(3)–C(5) 122.44(11) C(2)–C(3)–C(4) 124.68(11) 
C(5)–C(3)–C(4) 112.88(10) C(2)–C(6)–C(7) 110.70(9) 
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C(6)–C(7)–S(1) 115.37(8) C(7)–S(1)–C(8) 101.10(6) 
C(9)–C(8)–S(1) 108.62(8) C(14)–C(9)–C(10) 118.50(11) 
C(14)–C(9)–C(8) 120.61(12) C(10)–C(9)–C(8) 120.87(12) 
C(11)–C(10)–C(9) 120.79(12) C(12)–C(11)–C(10) 120.31(11) 
C(11)–C(12)–C(13) 119.55(12) C(12)–C(13)–C(14) 120.11(12) 
C(9)–C(14)–C(13) 120.75(11)  
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw51. 
 
      x       y       z       U 
 
H(1) 0.9170 0.0103 0.0125 0.056 
H(4A) 1.1663 0.3727 0.1726 0.054 
H(4B) 1.1928 0.6336 0.2088 0.054 
H(4C) 1.1673 0.5975 0.1177 0.054 
H(5A) 0.9468 0.8076 0.2034 0.045 
H(5B) 1.0494 0.9362 0.1946 0.045 
H(5C) 1.0546 0.7512 0.2633 0.045 
H(6A) 0.8045 0.4473 0.0622 0.031 
H(6B) 0.8361 0.6667 0.1208 0.031 
H(7A) 0.8609 0.4059 0.2263 0.030 
H(7B) 0.8401 0.1791 0.1706 0.030 
H(8A) 0.6356 0.2088 0.0486 0.044 
H(8B) 0.6712  −0.0093 0.1074 0.044 
H(10) 0.4624 0.4059 0.0458 0.035 
H(11) 0.2928 0.3387 0.0488 0.037 
H(12) 0.2484  −0.0104 0.1035 0.037 
H(13) 0.3746  −0.2963 0.1533 0.038 
H(14) 0.5443  −0.2316 0.1489 0.035 
 
Table 5.  Torsion angles [°] for gw51. 
 
O(2)–C(1)–C(2)–C(3)  −15.17(19) O(1)–C(1)–C(2)–C(3) 164.85(11) 
O(2)–C(1)–C(2)–C(6) 168.23(11) O(1)–C(1)–C(2)–C(6)  −11.75(15) 
C(1)–C(2)–C(3)–C(5)  −179.48(11) C(6)–C(2)–C(3)–C(5)  −3.18(18) 
C(1)–C(2)–C(3)–C(4)  −0.08(18) C(6)–C(2)–C(3)–C(4) 176.22(12) 
C(3)–C(2)–C(6)–C(7)  −86.50(14) C(1)–C(2)–C(6)–C(7) 90.00(12) 
C(2)–C(6)–C(7)–S(1)  −174.77(8) C(6)–C(7)–S(1)–C(8) 79.17(10) 
C(7)–S(1)–C(8)–C(9) 171.43(10) S(1)–C(8)–C(9)–C(14)  −102.27(12) 
S(1)–C(8)–C(9)–C(10) 76.01(14) C(14)–C(9)–C(10)–C(11) 0.65(18) 
C(8)–C(9)–C(10)–C(11)  −177.67(11) C(9)–C(10)–C(11)–C(12) 0.24(19) 
C(10)–C(11)–C(12)–C(13)  −0.69(19) C(11)–C(12)–C(13)–C(14) 0.24(19) 
C(10)–C(9)–C(14)–C(13)  −1.10(18) C(8)–C(9)–C(14)–C(13) 177.23(11) 
C(12)–C(13)–C(14)–C(9) 0.67(19)  
 
Table 6.  Hydrogen bonds for gw51 [Å and °]. 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA) 
 
O(1)–H(1)...O(2') 0.84 1.79 2.6298(13) 174.0 
 
Symmetry operations for equivalent atoms 
'   −x+2,−y,−z        
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5.5 X-Ray diffraction data for structure 131 
 
 
 
Table 1.  Crystal data and structure refinement for gw76. 
 
Identification code  gw76 
Chemical formula  C17H18S2 
Formula weight  286.43 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/n 
Unit cell parameters a = 13.3194(11) Å α = 90° 
 b = 8.1505(7) Å β = 103.9079(12)° 
 c = 27.370(2) Å γ = 90° 
Cell volume 2884.1(4) Å3 
Z 8 
Calculated density  1.319 g/cm3 
Absorption coefficient μ 0.352 mm−1 
F(000) 1216 
Crystal colour and size colourless, 0.54 × 0.47 × 0.07 mm3 
Reflections for cell refinement 9207 (θ range 2.45 to 28.34°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 0.77 to 28.41° 
Index ranges h −17 to 17, k −10 to 10, l −36 to 36 
Completeness to θ = 28.41° 99.5 %  
Intensity decay 0% 
Reflections collected 28959 
Independent reflections 7442 (Rint = 0.0365) 
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Reflections with F2>2σ 5909 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.833 and 0.976 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0370, 1.4055 
Data / restraints / parameters 7442 / 0 / 344 
Final R indices [F2>2σ] R1 = 0.0370, wR2 = 0.0843 
R indices (all data) R1 = 0.0536, wR2 = 0.0926 
Goodness-of-fit on F2 1.059 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.556 and −0.246 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters 
(Å2) 
for gw76.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
S(1) 1.02237(4) 0.38565(6) 0.050405(19) 0.02285(11) 
C(1) 0.97223(16) 0.2259(3) 0.00510(8) 0.0261(5) 
C(2) 0.85463(17) 0.2319(3)  −0.01419(8) 0.0298(5) 
C(3) 0.79334(18) 0.1504(3) 0.01950(9) 0.0312(5) 
C(4) 0.81721(16) 0.2099(3) 0.07428(8) 0.0266(5) 
S(2) 0.93869(4) 0.13007(6) 0.11212(2) 0.02191(11) 
C(5) 1.03030(15) 0.2979(2) 0.11371(7) 0.0183(4) 
C(6) 1.01274(15) 0.4461(2) 0.14514(8) 0.0204(4) 
C(7) 0.94313(17) 0.4434(3) 0.17584(8) 0.0260(4) 
C(8) 0.93158(19) 0.5801(3) 0.20449(9) 0.0331(5) 
C(9) 0.98736(19) 0.7206(3) 0.20248(10) 0.0365(6) 
C(10) 1.05571(18) 0.7262(3) 0.17163(9) 0.0327(5) 
C(11) 1.06950(17) 0.5895(3) 0.14353(8) 0.0256(4) 
C(12) 1.13402(15) 0.2143(2) 0.13646(8) 0.0203(4) 
C(13) 1.18925(17) 0.1326(3) 0.10657(9) 0.0286(5) 
C(14) 1.27796(18) 0.0437(3) 0.12821(10) 0.0347(5) 
C(15) 1.31348(18) 0.0371(3) 0.18001(10) 0.0358(6) 
C(16) 1.26019(18) 0.1184(3) 0.21003(9) 0.0329(5) 
C(17) 1.17084(17) 0.2075(3) 0.18850(8) 0.0255(4) 
S(3) 0.67334(4) 0.63396(7) 0.11231(2) 0.02284(11) 
C(18) 0.75660(17) 0.7126(3) 0.07362(9) 0.0281(5) 
C(19) 0.72684(19) 0.6507(3) 0.01935(9) 0.0335(5) 
C(20) 0.63204(18) 0.7288(3)  −0.01472(8) 0.0308(5) 
C(21) 0.53355(16) 0.7229(3) 0.00464(8) 0.0258(5) 
S(4) 0.52721(4) 0.88496(6) 0.049169(19) 0.02275(11) 
C(22) 0.58102(15) 0.7996(2) 0.11259(7) 0.0184(4) 
C(23) 0.50031(15) 0.7140(2) 0.13549(8) 0.0202(4) 
C(24) 0.41295(16) 0.6385(3) 0.10606(9) 0.0269(4) 
C(25) 0.34692(18) 0.5492(3) 0.12815(10) 0.0343(5) 
C(26) 0.36681(18) 0.5347(3) 0.17999(10) 0.0341(5) 
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C(27) 0.45211(18) 0.6107(3) 0.20947(9) 0.0294(5) 
C(28) 0.51911(17) 0.7005(3) 0.18760(8) 0.0239(4) 
C(29) 0.62655(15) 0.9507(2) 0.14355(7) 0.0191(4) 
C(30) 0.72681(16) 0.9549(3) 0.17317(8) 0.0256(4) 
C(31) 0.76387(19) 1.0964(3) 0.20030(9) 0.0312(5) 
C(32) 0.70227(19) 1.2334(3) 0.19760(9) 0.0315(5) 
C(33) 0.60203(19) 1.2304(3) 0.16847(9) 0.0305(5) 
C(34) 0.56419(17) 1.0894(2) 0.14194(8) 0.0247(4) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw76. 
 
S(1)–C(1)  1.811(2) S(1)–C(5)  1.854(2) 
C(1)–C(2)  1.529(3) C(2)–C(3)  1.523(3) 
C(3)–C(4)  1.535(3) C(4)–S(2)  1.819(2) 
S(2)–C(5)  1.826(2) C(5)–C(12)  1.532(3) 
C(5)–C(6)  1.533(3) C(6)–C(7)  1.393(3) 
C(6)–C(11)  1.398(3) C(7)–C(8)  1.392(3) 
C(8)–C(9)  1.373(4) C(9)–C(10)  1.383(4) 
C(10)–C(11)  1.391(3) C(12)–C(17)  1.392(3) 
C(12)–C(13)  1.394(3) C(13)–C(14)  1.391(3) 
C(14)–C(15)  1.384(4) C(15)–C(16)  1.378(4) 
C(16)–C(17)  1.398(3) S(3)–C(18)  1.824(2) 
S(3)–C(22)  1.827(2) C(18)–C(19)  1.528(3) 
C(19)–C(20)  1.518(3) C(20)–C(21)  1.529(3) 
C(21)–S(4)  1.813(2) S(4)–C(22)  1.847(2) 
C(22)–C(29)  1.534(3) C(22)–C(23)  1.536(3) 
C(23)–C(24)  1.389(3) C(23)–C(28)  1.392(3) 
C(24)–C(25)  1.388(3) C(25)–C(26)  1.384(4) 
C(26)–C(27)  1.373(3) C(27)–C(28)  1.396(3) 
C(29)–C(30)  1.386(3) C(29)–C(34)  1.398(3) 
C(30)–C(31)  1.396(3) C(31)–C(32)  1.377(4) 
C(32)–C(33)  1.381(3) C(33)–C(34)  1.388(3) 
 
C(1)–S(1)–C(5) 106.93(10) C(2)–C(1)–S(1) 113.07(15) 
C(3)–C(2)–C(1) 115.51(19) C(2)–C(3)–C(4) 115.98(18) 
C(3)–C(4)–S(2) 112.96(16) C(4)–S(2)–C(5) 104.08(10) 
C(12)–C(5)–C(6) 111.51(16) C(12)–C(5)–S(2) 102.05(13) 
C(6)–C(5)–S(2) 114.36(13) C(12)–C(5)–S(1) 113.24(13) 
C(6)–C(5)–S(1) 103.77(13) S(2)–C(5)–S(1) 112.28(10) 
C(7)–C(6)–C(11) 118.41(19) C(7)–C(6)–C(5) 122.61(19) 
C(11)–C(6)–C(5) 118.97(18) C(8)–C(7)–C(6) 120.4(2) 
C(9)–C(8)–C(7) 120.7(2) C(8)–C(9)–C(10) 119.6(2) 
C(9)–C(10)–C(11) 120.3(2) C(10)–C(11)–C(6) 120.5(2) 
C(17)–C(12)–C(13) 118.4(2) C(17)–C(12)–C(5) 119.69(18) 
C(13)–C(12)–C(5) 121.70(19) C(14)–C(13)–C(12) 120.9(2) 
C(15)–C(14)–C(13) 120.2(2) C(16)–C(15)–C(14) 119.6(2) 
C(15)–C(16)–C(17) 120.5(2) C(12)–C(17)–C(16) 120.5(2) 
C(18)–S(3)–C(22) 104.28(10) C(19)–C(18)–S(3) 113.37(17) 
C(20)–C(19)–C(18) 116.23(19) C(19)–C(20)–C(21) 115.49(19) 
C(20)–C(21)–S(4) 113.12(15) C(21)–S(4)–C(22) 106.69(9) 
C(29)–C(22)–C(23) 111.21(16) C(29)–C(22)–S(3) 114.71(14) 
C(23)–C(22)–S(3) 101.75(13) C(29)–C(22)–S(4) 103.25(13) 
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C(23)–C(22)–S(4) 113.77(13) S(3)–C(22)–S(4) 112.56(10) 
C(24)–C(23)–C(28) 118.60(19) C(24)–C(23)–C(22) 122.35(18) 
C(28)–C(23)–C(22) 118.86(18) C(25)–C(24)–C(23) 120.6(2) 
C(26)–C(25)–C(24) 120.4(2) C(27)–C(26)–C(25) 119.4(2) 
C(26)–C(27)–C(28) 120.6(2) C(23)–C(28)–C(27) 120.3(2) 
C(30)–C(29)–C(34) 118.69(19) C(30)–C(29)–C(22) 122.69(19) 
C(34)–C(29)–C(22) 118.61(18) C(29)–C(30)–C(31) 119.9(2) 
C(32)–C(31)–C(30) 120.8(2) C(31)–C(32)–C(33) 119.8(2) 
C(32)–C(33)–C(34) 119.7(2) C(33)–C(34)–C(29) 121.0(2) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for 
gw76. 
 
      x       y       z       U 
 
H(1A) 1.0044 0.2366  −0.0238 0.031 
H(1B) 0.9922 0.1177 0.0209 0.031 
H(2A) 0.8332 0.3483  −0.0188 0.036 
H(2B) 0.8358 0.1786  −0.0477 0.036 
H(3A) 0.8062 0.0307 0.0196 0.037 
H(3B) 0.7188 0.1679 0.0044 0.037 
H(4A) 0.7603 0.1759 0.0896 0.032 
H(4B) 0.8200 0.3313 0.0747 0.032 
H(7) 0.9033 0.3476 0.1772 0.031 
H(8) 0.8846 0.5762 0.2257 0.040 
H(9) 0.9791 0.8134 0.2221 0.044 
H(10) 1.0934 0.8239 0.1696 0.039 
H(11) 1.1179 0.5936 0.1231 0.031 
H(13) 1.1660 0.1376 0.0710 0.034 
H(14) 1.3143  −0.0126 0.1074 0.042 
H(15) 1.3742  −0.0232 0.1948 0.043 
H(16) 1.2843 0.1138 0.2456 0.039 
H(17) 1.1350 0.2637 0.2096 0.031 
H(18A) 0.7535 0.8339 0.0734 0.034 
H(18B) 0.8289 0.6800 0.0890 0.034 
H(19A) 0.7864 0.6684 0.0042 0.040 
H(19B) 0.7150 0.5309 0.0200 0.040 
H(20A) 0.6181 0.6733  −0.0478 0.037 
H(20B) 0.6481 0.8450  −0.0201 0.037 
H(21A) 0.5298 0.6155 0.0210 0.031 
H(21B) 0.4728 0.7316  −0.0243 0.031 
H(24) 0.3983 0.6483 0.0705 0.032 
H(25) 0.2877 0.4976 0.1076 0.041 
H(26) 0.3218 0.4728 0.1950 0.041 
H(27) 0.4656 0.6020 0.2451 0.035 
H(28) 0.5778 0.7528 0.2084 0.029 
H(30) 0.7703 0.8615 0.1750 0.031 
H(31) 0.8324 1.0982 0.2209 0.037 
H(32) 0.7287 1.3298 0.2157 0.038 
H(33) 0.5592 1.3244 0.1666 0.037 
H(34) 0.4948 1.0872 0.1224 0.030 
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Table 5.  Torsion angles [°] for gw76. 
 
C(5)–S(1)–C(1)–C(2) 92.90(17) S(1)–C(1)–C(2)–C(3)  −82.6(2) 
C(1)–C(2)–C(3)–C(4) 54.6(3) C(2)–C(3)–C(4)–S(2)  −75.8(2) 
C(3)–C(4)–S(2)–C(5) 99.38(17) C(4)–S(2)–C(5)–C(12)  
−169.14(13) 
C(4)–S(2)–C(5)–C(6) 70.31(16) C(4)–S(2)–C(5)–S(1)  −47.57(13) 
C(1)–S(1)–C(5)–C(12) 89.46(16) C(1)–S(1)–C(5)–C(6)  
−149.47(13) 
C(1)–S(1)–C(5)–S(2)  −25.47(13) C(12)–C(5)–C(6)–C(7)  −106.0(2) 
S(2)–C(5)–C(6)–C(7) 9.1(3) S(1)–C(5)–C(6)–C(7) 131.77(18) 
C(12)–C(5)–C(6)–C(11) 73.2(2) S(2)–C(5)–C(6)–C(11)  
−171.64(16) 
S(1)–C(5)–C(6)–C(11)  −49.0(2) C(11)–C(6)–C(7)–C(8)  −0.6(3) 
C(5)–C(6)–C(7)–C(8) 178.6(2) C(6)–C(7)–C(8)–C(9) 0.9(4) 
C(7)–C(8)–C(9)–C(10) 0.0(4) C(8)–C(9)–C(10)–C(11)  −1.2(4) 
C(9)–C(10)–C(11)–C(6) 1.6(3) C(7)–C(6)–C(11)–C(10)  −0.6(3) 
C(5)–C(6)–C(11)–C(10)  −179.87(19) C(6)–C(5)–C(12)–C(17) 35.2(3) 
S(2)–C(5)–C(12)–C(17)  −87.3(2) S(1)–C(5)–C(12)–C(17)
 151.81(16) 
C(6)–C(5)–C(12)–C(13)  −150.1(2) S(2)–C(5)–C(12)–C(13) 87.4(2) 
S(1)–C(5)–C(12)–C(13)  −33.5(2) C(17)–C(12)–C(13)–C(14) 1.2(3) 
C(5)–C(12)–C(13)–C(14)  −173.6(2) C(12)–C(13)–C(14)–C(15)  
−0.9(4) 
C(13)–C(14)–C(15)–C(16) 0.3(4) C(14)–C(15)–C(16)–C(17)  
−0.1(4) 
C(13)–C(12)–C(17)–C(16)  −1.0(3) C(5)–C(12)–C(17)–C(16) 173.9(2) 
C(15)–C(16)–C(17)–C(12) 0.5(4) C(22)–S(3)–C(18)–C(19)  
−98.56(17) 
S(3)–C(18)–C(19)–C(20) 75.7(2) C(18)–C(19)–C(20)–C(21)  
−54.3(3) 
C(19)–C(20)–C(21)–S(4) 82.4(2) C(20)–C(21)–S(4)–C(22)  
−93.46(17) 
C(18)–S(3)–C(22)–C(29)  −71.52(16) C(18)–S(3)–C(22)–C(23)
 168.32(13) 
C(18)–S(3)–C(22)–S(4) 46.16(13) C(21)–S(4)–C(22)–C(29)
 150.79(13) 
C(21)–S(4)–C(22)–C(23)  −88.55(15) C(21)–S(4)–C(22)–S(3) 26.53(13) 
C(29)–C(22)–C(23)–C(24) 145.2(2) S(3)–C(22)–C(23)–C(24)  
−92.2(2) 
S(4)–C(22)–C(23)–C(24) 29.1(2) C(29)–C(22)–C(23)–C(28)  
−39.8(2) 
S(3)–C(22)–C(23)–C(28) 82.79(19) S(4)–C(22)–C(23)–C(28)  
−155.89(16) 
C(28)–C(23)–C(24)–C(25)  −1.2(3) C(22)–C(23)–C(24)–C(25)
 173.9(2) 
C(23)–C(24)–C(25)–C(26) 0.4(4) C(24)–C(25)–C(26)–C(27) 0.5(4) 
C(25)–C(26)–C(27)–C(28)  −0.7(3) C(24)–C(23)–C(28)–C(27) 1.0(3) 
C(22)–C(23)–C(28)–C(27)  −174.19(19) C(26)–C(27)–C(28)–C(23)  
−0.1(3) 
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C(23)–C(22)–C(29)–C(30) 108.4(2) S(3)–C(22)–C(29)–C(30)  −6.4(2) 
S(4)–C(22)–C(29)–C(30)  −129.22(18) C(23)–C(22)–C(29)–C(34)  
−71.4(2) 
S(3)–C(22)–C(29)–C(34) 173.87(15) S(4)–C(22)–C(29)–C(34) 51.0(2) 
C(34)–C(29)–C(30)–C(31)  −0.5(3) C(22)–C(29)–C(30)–C(31)
 179.72(19) 
C(29)–C(30)–C(31)–C(32)  −0.8(3) C(30)–C(31)–C(32)–C(33) 1.2(3) 
C(31)–C(32)–C(33)–C(34)  −0.3(3) C(32)–C(33)–C(34)–C(29)  
−1.0(3) 
C(30)–C(29)–C(34)–C(33) 1.4(3) C(22)–C(29)–C(34)–C(33)  
−178.82(19) 
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5.6 X-Ray diffraction data for structure 127 
 
 
 
Table 1.  Crystal data and structure refinement for gw61. 
 
Identification code  gw61 
Chemical formula  C14H28S4 
Formula weight  324.60 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/n 
Unit cell parameters a = 6.0477(7) Å α = 90° 
 b = 15.1049(18) Å β = 93.9707(16)° 
 c = 9.4034(11) Å γ = 90° 
Cell volume 856.94(17) Å3 
Z 2 
Calculated density  1.258 g/cm3 
Absorption coefficient μ 0.538 mm−1 
F(000) 352 
Crystal colour and size colourless, 0.54 × 0.52 × 0.19 mm3 
Reflections for cell refinement 6020 (θ range 2.56 to 30.44°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.56 to 30.47° 
Index ranges h −8 to 8, k −21 to 21, l −13 to 13 
Completeness to θ = 30.00° 99.6 %  
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Intensity decay 0% 
Reflections collected 9497 
Independent reflections 2579 (Rint = 0.0244) 
Reflections with F2>2σ 2270 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.760 and 0.905 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0357, 0.1152 
Data / restraints / parameters 2579 / 0 / 84 
Final R indices [F2>2σ] R1 = 0.0243, wR2 = 0.0628 
R indices (all data) R1 = 0.0296, wR2 = 0.0661 
Goodness-of-fit on F2 1.066 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.439 and −0.234 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw61.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
S(1) 0.68018(4) 0.336956(16) 0.14264(2) 0.02212(7) 
C(1) 0.84518(16) 0.43454(6) 0.18704(10) 0.02319(18) 
C(2) 0.76006(18) 0.48101(7) 0.31713(10) 0.0268(2) 
C(3) 0.52427(18) 0.51774(7) 0.29565(11) 0.0265(2) 
C(4) 0.50029(16) 0.59003(7) 0.18251(10) 0.02441(19) 
S(2) 0.21161(4) 0.622591(17) 0.16337(2) 0.02343(7) 
C(5) 0.19816(15) 0.70373(6) 0.01799(10) 0.02113(18) 
C(6) 0.32708(18) 0.78768(7) 0.06089(12) 0.0290(2) 
C(7)  −0.04879(16) 0.72437(7)  −0.00908(11) 0.0278(2) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw61. 
 
S(1)–C(1)  1.8125(10) S(1)–C(5')  1.8315(10) 
C(1)–C(2)  1.5302(14) C(2)–C(3)  1.5304(14) 
C(3)–C(4)  1.5244(13) C(4)–S(2)  1.8108(10) 
S(2)–C(5)  1.8336(10) C(5)–C(6)  1.5280(13) 
C(5)–C(7)  1.5296(13)  
 
C(1)–S(1)–C(5') 102.52(4) C(2)–C(1)–S(1) 110.30(7) 
C(1)–C(2)–C(3) 115.01(8) C(4)–C(3)–C(2) 113.24(8) 
C(3)–C(4)–S(2) 107.96(7) C(4)–S(2)–C(5) 104.38(4) 
C(6)–C(5)–C(7) 110.45(8) C(6)–C(5)–S(1') 105.63(7) 
C(7)–C(5)–S(1') 111.99(6) C(6)–C(5)–S(2) 111.25(7) 
C(7)–C(5)–S(2) 104.63(7) S(1')–C(5)–S(2) 113.01(5) 
 
Symmetry operations for equivalent atoms 
'   −x+1,−y+1,−z        
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Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw61. 
 
      x       y       z       U 
 
H(1A) 1.0020 0.4173 0.2077 0.028 
H(1B) 0.8375 0.4757 0.1049 0.028 
H(2A) 0.8618 0.5304 0.3447 0.032 
H(2B) 0.7656 0.4385 0.3975 0.032 
H(3A) 0.4217 0.4687 0.2678 0.032 
H(3B) 0.4801 0.5420 0.3873 0.032 
H(4A) 0.5480 0.5675 0.0906 0.029 
H(4B) 0.5940 0.6415 0.2118 0.029 
H(6A) 0.3174 0.8297  −0.0187 0.044 
H(6B) 0.4828 0.7726 0.0851 0.044 
H(6C) 0.2638 0.8145 0.1438 0.044 
H(7A)  −0.1063 0.7479 0.0782 0.042 
H(7B)  −0.1289 0.6701  −0.0374 0.042 
H(7C)  −0.0694 0.7684  −0.0854 0.042 
 
Table 5.  Torsion angles [°] for gw61. 
 
C(5')–S(1)–C(1)–C(2) 177.41(7) S(1)–C(1)–C(2)–C(3)  −63.79(10) 
C(1)–C(2)–C(3)–C(4)  −63.22(12) C(2)–C(3)–C(4)–S(2) 177.22(7) 
C(3)–C(4)–S(2)–C(5)  −176.44(7) C(4)–S(2)–C(5)–C(6)  −66.38(8) 
C(4)–S(2)–C(5)–C(7) 174.35(6) C(4)–S(2)–C(5)–S(1') 52.25(6) 
 
Symmetry operations for equivalent atoms 
'   −x+1,−y+1,−z        
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5.7 X-Ray diffraction data for structure 136 
 
 
 
Table 1.  Crystal data and structure refinement for gw63. 
 
Identification code  gw63 
Chemical formula  C7H14OS2 
Formula weight  178.30 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/n 
Unit cell parameters a = 8.2277(8) Å α = 90° 
 b = 10.2736(10) Å β = 103.5283(15)° 
 c = 11.2901(11) Å γ = 90° 
Cell volume 927.85(16) Å3 
Z 4 
Calculated density  1.276 g/cm3 
Absorption coefficient μ 0.511 mm−1 
F(000) 384 
Crystal colour and size colourless, 0.55 × 0.15 × 0.14 mm3 
Reflections for cell refinement 3096 (θ range 2.72 to 29.54°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.72 to 30.53° 
Index ranges h −11 to 11, k −14 to 14, l −15 to 15 
Completeness to θ = 30.53° 99.2 %  
Intensity decay 0% 
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Reflections collected 10461 
Independent reflections 2818 (Rint = 0.0277) 
Reflections with F2>2σ 2293 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.766 and 0.932 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0388, 0.1693 
Data / restraints / parameters 2818 / 0 / 94 
Final R indices [F2>2σ] R1 = 0.0305, wR2 = 0.0760 
R indices (all data) R1 = 0.0412, wR2 = 0.0810 
Goodness-of-fit on F2 1.053 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.376 and −0.254 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw63.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
C(1) 0.28741(17) 0.55771(12) 0.69738(11) 0.0253(3) 
S(1) 0.09343(4) 0.64883(3) 0.64888(3) 0.02370(9) 
O(1) 0.14266(13) 0.78866(9) 0.64325(9) 0.0304(2) 
C(2) 0.00431(16) 0.62965(13) 0.78377(12) 0.0258(3) 
S(2) 0.14367(4) 0.69299(3) 0.91937(3) 0.02781(10) 
C(3) 0.32728(16) 0.59410(12) 0.92664(11) 0.0259(3) 
C(4) 0.39859(16) 0.60956(13) 0.81518(13) 0.0276(3) 
C(5) 0.3732(2) 0.56494(17) 0.59160(14) 0.0411(4) 
C(6)  −0.15123(19) 0.71689(17) 0.75826(17) 0.0417(4) 
C(7)  −0.04201(19) 0.48679(15) 0.79323(14) 0.0359(3) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw63. 
 
C(1)–C(4)  1.5232(19) C(1)–C(5)  1.5246(18) 
C(1)–S(1)  1.8206(13) S(1)–O(1)  1.4979(10) 
S(1)–C(2)  1.8488(14) C(2)–C(7)  1.5264(19) 
C(2)–C(6)  1.5335(19) C(2)–S(2)  1.8057(14) 
S(2)–C(3)  1.8064(13) C(3)–C(4)  1.5161(19) 
 
C(4)–C(1)–C(5) 111.92(12) C(4)–C(1)–S(1) 112.82(9) 
C(5)–C(1)–S(1) 105.86(10) O(1)–S(1)–C(1) 106.21(6) 
O(1)–S(1)–C(2) 107.49(6) C(1)–S(1)–C(2) 100.73(6) 
C(7)–C(2)–C(6) 111.35(12) C(7)–C(2)–S(2) 113.99(10) 
C(6)–C(2)–S(2) 106.56(10) C(7)–C(2)–S(1) 108.29(10) 
C(6)–C(2)–S(1) 104.91(10) S(2)–C(2)–S(1) 111.37(7) 
C(2)–S(2)–C(3) 101.20(6) C(4)–C(3)–S(2) 112.66(9) 
C(3)–C(4)–C(1) 114.72(11)  
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Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw63. 
 
      x       y       z       U 
 
H(1) 0.2596 0.4647 0.7100 0.030 
H(3A) 0.4138 0.6183 1.0001 0.031 
H(3B) 0.2982 0.5016 0.9348 0.031 
H(4A) 0.5075 0.5640 0.8302 0.033 
H(4B) 0.4199 0.7031 0.8043 0.033 
H(5A) 0.4003 0.6558 0.5780 0.062 
H(5B) 0.2982 0.5303 0.5178 0.062 
H(5C) 0.4762 0.5133 0.6110 0.062 
H(6A)  −0.2297 0.6873 0.6839 0.063 
H(6B)  −0.1184 0.8070 0.7476 0.063 
H(6C)  −0.2050 0.7121 0.8270 0.063 
H(7A)  −0.1073 0.4773 0.8550 0.054 
H(7B) 0.0601 0.4345 0.8164 0.054 
H(7C)  −0.1086 0.4569 0.7143 0.054 
 
Table 5.  Torsion angles [°] for gw63. 
 
C(4)–C(1)–S(1)–O(1) 54.04(11) C(5)–C(1)–S(1)–O(1)  −68.70(11) 
C(4)–C(1)–S(1)–C(2)  −57.90(10) C(5)–C(1)–S(1)–C(2) 179.37(10) 
O(1)–S(1)–C(2)–C(7)  −178.37(9) C(1)–S(1)–C(2)–C(7)  −67.42(10) 
O(1)–S(1)–C(2)–C(6) 62.63(11) C(1)–S(1)–C(2)–C(6) 173.58(10) 
O(1)–S(1)–C(2)–S(2)  −52.27(8) C(1)–S(1)–C(2)–S(2) 58.68(8) 
C(7)–C(2)–S(2)–C(3) 63.27(11) C(6)–C(2)–S(2)–C(3)  −173.49(10) 
S(1)–C(2)–S(2)–C(3)  −59.62(8) C(2)–S(2)–C(3)–C(4) 60.30(10) 
S(2)–C(3)–C(4)–C(1)  −66.88(13) C(5)–C(1)–C(4)–C(3)  −174.75(11) 
S(1)–C(1)–C(4)–C(3) 65.97(13)  
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5.8 X-Ray diffraction data for structure 166 
 
 
 
Table 1.  Crystal data and structure refinement for gw58. 
 
Identification code  gw58 
Chemical formula  C7H12O2S2 
Formula weight  192.29 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/n 
Unit cell parameters a = 7.3300(5) Å α = 90° 
 b = 7.4438(5) Å β = 97.1800(10)° 
 c = 16.4753(10) Å γ = 90° 
Cell volume 891.89(10) Å3 
Z 4 
Calculated density  1.432 g/cm3 
Absorption coefficient μ 0.546 mm−1 
F(000) 408 
Crystal colour and size pale yellow, 0.58 × 0.40 × 0.25 mm3 
Reflections for cell refinement 5751 (θ range 2.49 to 30.52°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.49 to 30.56° 
Index ranges h −10 to 10, k −10 to 10, l −23 to 23 
Completeness to θ = 30.56° 98.7 %  
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Intensity decay 0% 
Reflections collected 9991 
Independent reflections 2711 (Rint = 0.0186) 
Reflections with F2>2σ 2469 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.743 and 0.876 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0446, 0.2324 
Data / restraints / parameters 2711 / 0 / 105 
Final R indices [F2>2σ] R1 = 0.0282, wR2 = 0.0772 
R indices (all data) R1 = 0.0310, wR2 = 0.0793 
Goodness-of-fit on F2 1.060 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.478 and −0.208 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw58.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
C(1) 0.34869(13) 0.11031(13) 0.63127(6) 0.01784(18) 
C(2) 0.39175(13) 0.26813(13) 0.57408(6) 0.01697(17) 
C(3) 0.53769(13) 0.40173(14) 0.61308(6) 0.01995(19) 
C(4) 0.73069(14) 0.32196(15) 0.62982(7) 0.0245(2) 
S(1) 0.74542(4) 0.14474(4) 0.705776(18) 0.02784(9) 
S(2) 0.55761(4)  −0.03026(4) 0.647278(17) 0.02470(9) 
C(5) 0.20466(16)  −0.01709(15) 0.58726(7) 0.0259(2) 
C(6) 0.29133(16) 0.17252(14) 0.71265(6) 0.0230(2) 
C(7) 0.21778(13) 0.37039(13) 0.54360(6) 0.01800(18) 
O(1) 0.16185(11) 0.49860(11) 0.58011(5) 0.02659(18) 
O(2) 0.13410(11) 0.30999(11) 0.47342(5) 0.02542(17) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw58. 
 
C(1)–C(6)  1.5263(14) C(1)–C(5)  1.5324(14) 
C(1)–C(2)  1.5626(14) C(1)–S(2)  1.8462(10) 
C(2)–C(7)  1.5158(13) C(2)–C(3)  1.5409(14) 
C(3)–C(4)  1.5272(14) C(4)–S(1)  1.8123(11) 
S(1)–S(2)  2.0468(4) C(7)–O(1)  1.2258(13) 
C(7)–O(2)  1.3182(12)  
 
C(6)–C(1)–C(5) 110.74(9) C(6)–C(1)–C(2) 113.59(8) 
C(5)–C(1)–C(2) 111.04(8) C(6)–C(1)–S(2) 111.17(7) 
C(5)–C(1)–S(2) 103.12(7) C(2)–C(1)–S(2) 106.61(6) 
C(7)–C(2)–C(3) 108.99(8) C(7)–C(2)–C(1) 110.63(8) 
C(3)–C(2)–C(1) 114.57(8) C(4)–C(3)–C(2) 113.80(9) 
C(3)–C(4)–S(1) 112.43(7) C(4)–S(1)–S(2) 99.18(4) 
C(1)–S(2)–S(1) 101.75(3) O(1)–C(7)–O(2) 123.27(9) 
O(1)–C(7)–C(2) 123.20(9) O(2)–C(7)–C(2) 113.53(8) 
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Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw58. 
 
      x       y       z       U 
 
H(2A) 0.4395 0.2142 0.5253 0.020 
H(3A) 0.5412 0.5064 0.5762 0.024 
H(3B) 0.5003 0.4457 0.6653 0.024 
H(4A) 0.8187 0.4184 0.6490 0.029 
H(4B) 0.7667 0.2733 0.5782 0.029 
H(5A) 0.2019  −0.1287 0.6186 0.039 
H(5B) 0.2365  −0.0442 0.5326 0.039 
H(5C) 0.0834 0.0402 0.5825 0.039 
H(6A) 0.1862 0.2543 0.7023 0.034 
H(6B) 0.3943 0.2351 0.7443 0.034 
H(6C) 0.2566 0.0681 0.7435 0.034 
H(2) 0.030(2) 0.374(2) 0.4544(10) 0.038 
 
Table 5.  Torsion angles [°] for gw58. 
 
C(6)–C(1)–C(2)–C(7)  −68.45(10) C(5)–C(1)–C(2)–C(7) 57.15(11) 
S(2)–C(1)–C(2)–C(7) 168.77(7) C(6)–C(1)–C(2)–C(3) 55.23(11) 
C(5)–C(1)–C(2)–C(3)  −179.17(9) S(2)–C(1)–C(2)–C(3)  −67.55(9) 
C(7)–C(2)–C(3)–C(4)  −167.81(8) C(1)–C(2)–C(3)–C(4) 67.64(11) 
C(2)–C(3)–C(4)–S(1)  −64.99(10) C(3)–C(4)–S(1)–S(2) 60.32(8) 
C(6)–C(1)–S(2)–S(1)  −61.38(7) C(5)–C(1)–S(2)–S(1) 179.92(6) 
C(2)–C(1)–S(2)–S(1) 62.90(6) C(4)–S(1)–S(2)–C(1)  −57.42(5) 
C(3)–C(2)–C(7)–O(1)  −37.47(13) C(1)–C(2)–C(7)–O(1) 89.36(11) 
C(3)–C(2)–C(7)–O(2) 141.51(9) C(1)–C(2)–C(7)–O(2)  −91.66(10) 
 
Table 6.  Hydrogen bonds for gw58 [Å and °]. 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA) 
 
O(2)–H(2)...O(1') 0.921(17) 1.732(17) 2.6524(11) 177.9(16) 
 
Symmetry operations for equivalent atoms 
'   −x,−y+1,−z+1        
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5.9 X-Ray diffraction data for structure 174 
 
 
 
Table 1.  Crystal data and structure refinement for gw62. 
 
Identification code  gw62 
Chemical formula  C14H18O3 
Formula weight  234.28 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21 
Unit cell parameters a = 5.782(2) Å α = 90° 
 b = 12.314(4) Å β = 103.665(4)° 
 c = 8.623(3) Å γ = 90° 
Cell volume 596.6(4) Å3 
Z 2 
Calculated density  1.304 g/cm3 
Absorption coefficient μ 0.090 mm−1 
F(000) 252 
Crystal colour and size colourless, 1.25 × 0.57 × 0.33 mm3 
Reflections for cell refinement 3550 (θ range 2.94 to 30.29°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.43 to 30.30° 
Index ranges h −7 to 7, k −17 to 17, l −12 to 11 
Completeness to θ = 29.00° 99.0 %  
Intensity decay 0% 
Reflections collected 4881 
Independent reflections 1774 (Rint = 0.0430) 
Reflections with F2>2σ 1672 
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Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.895 and 0.971 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0636, 0.0957 
Data / restraints / parameters 1774 / 1 / 158 
Final R indices [F2>2σ] R1 = 0.0390, wR2 = 0.1005 
R indices (all data) R1 = 0.0426, wR2 = 0.1046 
Goodness-of-fit on F2 1.057 
Largest and mean shift/su 0.000 and 0.000 
Largest diff. peak and hole 0.291 and −0.233 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw62.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
O(1) 0.5642(3) 0.45210(12) 0.31761(16) 0.0290(3) 
C(1) 0.4168(3) 0.44368(15) 0.4161(2) 0.0245(4) 
O(2) 0.4351(3) 0.36888(12) 0.5081(2) 0.0375(4) 
C(2) 0.2377(3) 0.53587(14) 0.3918(2) 0.0215(3) 
C(3) 0.2798(4) 0.59570(18) 0.2439(2) 0.0347(5) 
C(4) 0.4985(4) 0.5430(2) 0.2097(3) 0.0365(5) 
C(5) 0.2703(3) 0.60859(13) 0.54282(19) 0.0186(3) 
O(3) 0.5060(2) 0.65269(12) 0.57374(19) 0.0302(3) 
C(6) 0.0840(3) 0.69847(14) 0.5126(2) 0.0226(3) 
C(7) 0.2608(3) 0.54433(14) 0.69408(19) 0.0191(3) 
C(8) 0.0384(3) 0.47497(14) 0.68603(19) 0.0202(3) 
C(9) 0.0627(3) 0.40427(13) 0.83241(18) 0.0191(3) 
C(10)  −0.0964(3) 0.41200(17) 0.9303(2) 0.0261(4) 
C(11)  −0.0740(4) 0.34608(19) 1.0646(2) 0.0314(4) 
C(12) 0.1107(4) 0.27244(17) 1.1040(2) 0.0276(4) 
C(13) 0.2721(4) 0.26384(15) 1.0080(2) 0.0262(4) 
C(14) 0.2471(3) 0.32876(15) 0.8730(2) 0.0240(3) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw62. 
 
O(1)–C(1)  1.342(2) O(1)–C(4)  1.447(3) 
C(1)–O(2)  1.204(2) C(1)–C(2)  1.518(2) 
C(2)–C(3)  1.542(2) C(2)–C(5)  1.555(2) 
C(3)–C(4)  1.511(3) C(5)–O(3)  1.432(2) 
C(5)–C(6)  1.523(2) C(5)–C(7)  1.538(2) 
C(7)–C(8)  1.531(2) C(8)–C(9)  1.512(2) 
C(9)–C(10)  1.391(2) C(9)–C(14)  1.396(2) 
C(10)–C(11)  1.395(3) C(11)–C(12)  1.381(3) 
C(12)–C(13)  1.390(3) C(13)–C(14)  1.391(2) 
 
C(1)–O(1)–C(4) 110.91(15) O(2)–C(1)–O(1) 120.40(17) 
O(2)–C(1)–C(2) 127.92(16) O(1)–C(1)–C(2) 111.68(15) 
C(1)–C(2)–C(3) 103.64(14) C(1)–C(2)–C(5) 111.79(14) 
C(3)–C(2)–C(5) 113.97(15) C(4)–C(3)–C(2) 105.01(16) 
O(1)–C(4)–C(3) 108.17(16) O(3)–C(5)–C(6) 111.08(14) 
O(3)–C(5)–C(7) 105.09(13) C(6)–C(5)–C(7) 110.69(13) 
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O(3)–C(5)–C(2) 107.22(14) C(6)–C(5)–C(2) 109.53(13) 
C(7)–C(5)–C(2) 113.12(13) C(8)–C(7)–C(5) 116.51(12) 
C(9)–C(8)–C(7) 111.82(13) C(10)–C(9)–C(14) 117.95(15) 
C(10)–C(9)–C(8) 121.53(15) C(14)–C(9)–C(8) 120.51(14) 
C(9)–C(10)–C(11) 121.27(17) C(12)–C(11)–C(10) 120.08(18) 
C(11)–C(12)–C(13) 119.49(17) C(12)–C(13)–C(14) 120.19(17) 
C(13)–C(14)–C(9) 121.00(16)  
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw62. 
      x       y       z       U 
 
H(2) 0.0732 0.5048 0.3660 0.026 
H(3A) 0.1413 0.5871 0.1520 0.042 
H(3B) 0.3073 0.6741 0.2662 0.042 
H(4A) 0.4643 0.5175 0.0978 0.044 
H(4B) 0.6307 0.5960 0.2258 0.044 
H(3) 0.505(6) 0.713(3) 0.549(4) 0.045 
H(6A) 0.1141 0.7483 0.6038 0.034 
H(6B)  −0.0748 0.6665 0.4987 0.034 
H(6C) 0.0928 0.7384 0.4159 0.034 
H(7A) 0.4016 0.4961 0.7205 0.023 
H(7B) 0.2750 0.5965 0.7832 0.023 
H(8A)  −0.1015 0.5231 0.6761 0.024 
H(8B) 0.0107 0.4283 0.5899 0.024 
H(10)  −0.2227 0.4632 0.9053 0.031 
H(11)  −0.1860 0.3518 1.1290 0.038 
H(12) 0.1274 0.2280 1.1960 0.033 
H(13) 0.3998 0.2135 1.0346 0.031 
H(14) 0.3572 0.3216 0.8075 0.029 
 
Table 5.  Torsion angles [°] for gw62. 
 
C(4)–O(1)–C(1)–O(2) 175.6(2) C(4)–O(1)–C(1)–C(2)  −3.8(2) 
O(2)–C(1)–C(2)–C(3)  −172.2(2) O(1)–C(1)–C(2)–C(3) 7.1(2) 
O(2)–C(1)–C(2)–C(5) 64.7(3) O(1)–C(1)–C(2)–C(5)  −116.07(16) 
C(1)–C(2)–C(3)–C(4)  −7.4(2) C(5)–C(2)–C(3)–C(4) 114.36(19) 
C(1)–O(1)–C(4)–C(3)  −1.4(3) C(2)–C(3)–C(4)–O(1) 5.7(2) 
C(1)–C(2)–C(5)–O(3) 60.24(17) C(3)–C(2)–C(5)–O(3)  −56.87(18) 
C(1)–C(2)–C(5)–C(6)  −179.14(14) C(3)–C(2)–C(5)–C(6) 63.76(19) 
C(1)–C(2)–C(5)–C(7)  −55.14(18) C(3)–C(2)–C(5)–C(7)  −172.25(15) 
O(3)–C(5)–C(7)–C(8)  −171.92(14) C(6)–C(5)–C(7)–C(8) 68.08(18) 
C(2)–C(5)–C(7)–C(8)  −55.28(19) C(5)–C(7)–C(8)–C(9) 172.40(14) 
C(7)–C(8)–C(9)–C(10) 121.07(18) C(7)–C(8)–C(9)–C(14)  −59.0(2) 
C(14)–C(9)–C(10)–C(11)  −0.4(3) C(8)–C(9)–C(10)–C(11) 179.57(18) 
C(9)–C(10)–C(11)–C(12) 1.0(3) C(10)–C(11)–C(12)–C(13)  −0.7(3) 
C(11)–C(12)–C(13)–C(14)  −0.2(3) C(12)–C(13)–C(14)–C(9) 0.8(3) 
C(10)–C(9)–C(14)–C(13)  −0.5(3) C(8)–C(9)–C(14)–C(13) 179.56(16) 
 
Table 6.  Hydrogen bonds for gw62 [Å and °]. 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA) 
 
O(3)–H(3)...O(2') 0.77(4) 2.03(4) 2.795(2) 170(3) 
 
Symmetry operations for equivalent atoms 
'   −x+1,y+1/2,−z+1        
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5.10 X-Ray diffraction data for structure 176 
 
 
 
Table 1.  Crystal data and structure refinement for gw64. 
 
Identification code  gw64 
Chemical formula  C14H16O2 
Formula weight  216.27 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/n 
Unit cell parameters a = 7.5310(9) Å α = 90° 
 b = 11.9462(14) Å β = 90.0265(18)° 
 c = 12.8318(15) Å γ = 90° 
Cell volume 1154.4(2) Å3 
Z 4 
Calculated density  1.244 g/cm3 
Absorption coefficient μ 0.082 mm−1 
F(000) 464 
Crystal colour and size colourless, 0.47 × 0.38 × 0.12 mm3 
Reflections for cell refinement 6202 (θ range 2.33 to 30.47°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 1.59 to 30.56° 
Index ranges h −10 to 10, k −16 to 17, l −18 to 17 
Completeness to θ = 30.56° 98.8 %  
Intensity decay 0% 
Reflections collected 12911 
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Independent reflections 3500 (Rint = 0.0511) 
Reflections with F2>2σ 3276 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.963 and 0.990 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0816, 0.0000 
Data / restraints / parameters 3500 / 0 / 147 
Final R indices [F2>2σ] R1 = 0.0437, wR2 = 0.1215 
R indices (all data) R1 = 0.0463, wR2 = 0.1239 
Goodness-of-fit on F2 1.078 
Largest and mean shift/su 0.000 and 0.000 
Largest diff. peak and hole 0.247 and −0.266 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw64.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
O(1) 0.29404(16) 0.58634(8) 0.84719(8) 0.0361(2) 
C(1) 0.16780(18) 0.63443(9) 0.88362(9) 0.0247(2) 
O(2) 0.01778(13) 0.57693(7) 0.90698(7) 0.0290(2) 
C(2)  −0.11364(18) 0.64866(10) 0.95501(9) 0.0273(2) 
C(3)  −0.05106(16) 0.76895(9) 0.93857(10) 0.0242(2) 
C(4) 0.14012(16) 0.75484(9) 0.90559(8) 0.0212(2) 
C(5) 0.26223(16) 0.83534(9) 0.89312(8) 0.0219(2) 
C(6) 0.21624(19) 0.95661(10) 0.90772(10) 0.0301(3) 
C(7) 0.44922(16) 0.81180(10) 0.85803(8) 0.0234(2) 
C(8) 0.46286(17) 0.81631(11) 0.73776(9) 0.0254(2) 
C(9) 0.64645(15) 0.78667(9) 0.69989(8) 0.0222(2) 
C(10) 0.69981(17) 0.67469(9) 0.69569(9) 0.0252(2) 
C(11) 0.87043(18) 0.64662(10) 0.66380(9) 0.0286(3) 
C(12) 0.98939(18) 0.72907(11) 0.63525(9) 0.0303(3) 
C(13) 0.93903(19) 0.84100(11) 0.63926(10) 0.0307(3) 
C(14) 0.76773(18) 0.86889(10) 0.67114(9) 0.0272(2) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw64. 
 
O(1)–C(1)  1.2053(16) C(1)–O(2)  1.3558(16) 
C(1)–C(4)  1.4806(15) O(2)–C(2)  1.4471(15) 
C(2)–C(3)  1.5270(17) C(3)–C(4)  1.5103(17) 
C(4)–C(5)  1.3402(17) C(5)–C(6)  1.5013(16) 
C(5)–C(7)  1.5052(17) C(7)–C(8)  1.5477(15) 
C(8)–C(9)  1.5078(16) C(9)–C(14)  1.3911(17) 
C(9)–C(10)  1.3978(15) C(10)–C(11)  1.3898(18) 
C(11)–C(12)  1.3811(19) C(12)–C(13)  1.3908(19) 
C(13)–C(14)  1.3939(19)  
 
O(1)–C(1)–O(2) 120.12(11) O(1)–C(1)–C(4) 130.39(12) 
O(2)–C(1)–C(4) 109.43(10) C(1)–O(2)–C(2) 111.37(9) 
O(2)–C(2)–C(3) 106.69(10) C(4)–C(3)–C(2) 103.18(9) 
C(5)–C(4)–C(1) 125.29(11) C(5)–C(4)–C(3) 127.42(10) 
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C(1)–C(4)–C(3) 107.22(10) C(4)–C(5)–C(6) 121.28(11) 
C(4)–C(5)–C(7) 122.94(10) C(6)–C(5)–C(7) 115.69(10) 
C(5)–C(7)–C(8) 110.75(10) C(9)–C(8)–C(7) 111.99(10) 
C(14)–C(9)–C(10) 118.46(11) C(14)–C(9)–C(8) 121.46(10) 
C(10)–C(9)–C(8) 120.05(11) C(11)–C(10)–C(9) 120.54(11) 
C(12)–C(11)–C(10) 120.39(11) C(11)–C(12)–C(13) 119.93(12) 
C(12)–C(13)–C(14) 119.54(12) C(9)–C(14)–C(13) 121.13(11) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw64. 
 
      x       y       z       U 
 
H(2A)  −0.1236 0.6319 1.0303 0.033 
H(2B)  −0.2312 0.6371 0.9222 0.033 
H(3A)  −0.1214 0.8065 0.8835 0.029 
H(3B)  −0.0599 0.8128 1.0038 0.029 
H(6A) 0.0904 0.9634 0.9261 0.045 
H(6B) 0.2391 0.9974 0.8428 0.045 
H(6C) 0.2892 0.9882 0.9637 0.045 
H(7A) 0.4859 0.7368 0.8829 0.028 
H(7B) 0.5307 0.8678 0.8889 0.028 
H(8A) 0.3759 0.7635 0.7072 0.031 
H(8B) 0.4322 0.8926 0.7136 0.031 
H(10) 0.6188 0.6173 0.7148 0.030 
H(11) 0.9054 0.5703 0.6616 0.034 
H(12) 1.1055 0.7094 0.6129 0.036 
H(13) 1.0208 0.8980 0.6204 0.037 
H(14) 0.7332 0.9453 0.6733 0.033 
 
Table 5.  Torsion angles [°] for gw64. 
 
O(1)–C(1)–O(2)–C(2) 176.81(11) C(4)–C(1)–O(2)–C(2)  −5.67(13) 
C(1)–O(2)–C(2)–C(3) 13.01(13) O(2)–C(2)–C(3)–C(4)  −14.45(12) 
O(1)–C(1)–C(4)–C(5)  −4.1(2) O(2)–C(1)–C(4)–C(5) 178.74(11) 
O(1)–C(1)–C(4)–C(3) 173.09(13) O(2)–C(1)–C(4)–C(3)  −4.08(13) 
C(2)–C(3)–C(4)–C(5)  −171.61(11) C(2)–C(3)–C(4)–C(1) 11.29(12) 
C(1)–C(4)–C(5)–C(6) 174.05(11) C(3)–C(4)–C(5)–C(6)  −2.55(18) 
C(1)–C(4)–C(5)–C(7)  −2.34(18) C(3)–C(4)–C(5)–C(7)  −178.94(10) 
C(4)–C(5)–C(7)–C(8) 89.80(14) C(6)–C(5)–C(7)–C(8)  −86.78(13) 
C(5)–C(7)–C(8)–C(9)  −176.80(10) C(7)–C(8)–C(9)–C(14)  −100.00(13) 
C(7)–C(8)–C(9)–C(10) 78.27(14) C(14)–C(9)–C(10)–C(11) 0.20(18) 
C(8)–C(9)–C(10)–C(11)  −178.12(10) C(9)–C(10)–C(11)–C(12)  −0.35(19) 
C(10)–C(11)–C(12)–C(13) 0.58(19) C(11)–C(12)–C(13)–C(14) −0.66(19) 
C(10)–C(9)–C(14)–C(13)  −0.29(18) C(8)–C(9)–C(14)–C(13) 178.01(11) 
C(12)–C(13)–C(14)–C(9) 0.52(19)  
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5.11 X-Ray diffraction data for structure not mentioned in thesis 
 
 
 
Table 1.  Crystal data and structure refinement for gw65. 
 
Identification code  gw65 
Chemical formula  C8H11ClN2S2 
Formula weight  234.76 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/c 
Unit cell parameters a = 12.2875(13) Å α = 90° 
 b = 9.5614(10) Å β = 90.4597(14)° 
 c = 9.4047(10) Å γ = 90° 
Cell volume 1104.9(2) Å3 
Z 4 
Calculated density  1.411 g/cm3 
Absorption coefficient μ 0.681 mm−1 
F(000) 488 
Crystal colour and size colourless, 0.80 × 0.44 × 0.18 mm3 
Reflections for cell refinement 7912 (θ range 2.70 to 30.58°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 1.66 to 30.58° 
Index ranges h −17 to 16, k −13 to 13, l −13 to 13 
Completeness to θ = 30.58° 98.6 %  
Intensity decay 0% 
Reflections collected 12434 
Independent reflections 3344 (Rint = 0.0191) 
Reflections with F2>2σ 3063 
Absorption correction semi-empirical from equivalents 
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Min. and max. transmission 0.612 and 0.887 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0337, 0.2165 
Data / restraints / parameters 3344 / 0 / 130 
Final R indices [F2>2σ] R1 = 0.0221, wR2 = 0.0607 
R indices (all data) R1 = 0.0244, wR2 = 0.0621 
Goodness-of-fit on F2 1.047 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.398 and −0.199 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw65.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
Cl(1) 0.697689(17) 0.54869(2) 1.02130(2) 0.02370(6) 
C(1) 0.54888(7) 0.63960(9) 0.70184(10) 0.02088(16) 
N(1) 0.64583(7) 0.69489(10) 0.72052(10) 0.02600(16) 
N(2) 0.51049(7) 0.54397(9) 0.78740(9) 0.02559(16) 
S(1) 0.473178(18) 0.70134(3) 0.55385(2) 0.02499(6) 
S(2) 0.327549(18) 0.60074(3) 0.56565(3) 0.02560(7) 
C(3) 0.24675(8) 0.71309(10) 0.68413(10) 0.02546(18) 
C(4) 0.12853(7) 0.68613(10) 0.65078(10) 0.02246(17) 
C(5) 0.07305(8) 0.77546(11) 0.55830(11) 0.02812(19) 
C(6)  −0.03637(8) 0.75385(13) 0.52789(13) 0.0345(2) 
C(7)  −0.09018(8) 0.64138(13) 0.58792(12) 0.0355(2) 
C(8)  −0.03542(10) 0.55081(12) 0.67789(13) 0.0355(2) 
C(9) 0.07429(9) 0.57271(11) 0.71023(11) 0.0294(2) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw65. 
 
C(1)–N(2)  1.3085(12) C(1)–N(1)  1.3138(12) 
C(1)–S(1)  1.7691(9) S(1)–S(2)  2.0354(4) 
S(2)–C(3)  1.8436(10) C(3)–C(4)  1.5059(13) 
C(4)–C(9)  1.3925(14) C(4)–C(5)  1.3933(13) 
C(5)–C(6)  1.3878(15) C(6)–C(7)  1.3850(17) 
C(7)–C(8)  1.3818(18) C(8)–C(9)  1.3954(16) 
 
N(2)–C(1)–N(1) 122.00(9) N(2)–C(1)–S(1) 121.81(7) 
N(1)–C(1)–S(1) 116.19(7) C(1)–S(1)–S(2) 104.85(3) 
C(3)–S(2)–S(1) 103.62(3) C(4)–C(3)–S(2) 107.31(6) 
C(9)–C(4)–C(5) 119.65(9) C(9)–C(4)–C(3) 120.91(9) 
C(5)–C(4)–C(3) 119.43(9) C(6)–C(5)–C(4) 120.38(10) 
C(7)–C(6)–C(5) 119.76(11) C(8)–C(7)–C(6) 120.30(10) 
C(7)–C(8)–C(9) 120.28(10) C(4)–C(9)–C(8) 119.61(10) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw65. 
 
      x       y       z       U 
 
H(1A) 0.6829(11) 0.6695(14) 0.7924(15) 0.031 
H(1B) 0.6650(11) 0.7600(15) 0.6671(14) 0.031 
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H(2A) 0.5472(12) 0.5223(14) 0.8556(15) 0.031 
H(2B) 0.4475(12) 0.5196(14) 0.7804(14) 0.031 
H(3A) 0.2628 0.6904 0.7848 0.031 
H(3B) 0.2645 0.8128 0.6677 0.031 
H(5) 0.1103 0.8516 0.5158 0.034 
H(6)  −0.0742 0.8160 0.4661 0.041 
H(7)  −0.1651 0.6264 0.5671 0.043 
H(8)  −0.0726 0.4733 0.7179 0.043 
H(9) 0.1117 0.5106 0.7724 0.035 
 
Table 5.  Torsion angles [°] for gw65. 
 
N(2)–C(1)–S(1)–S(2) 2.98(8) N(1)–C(1)–S(1)–S(2)  −177.25(7) 
C(1)–S(1)–S(2)–C(3) 86.39(5) S(1)–S(2)–C(3)–C(4) 155.83(6) 
S(2)–C(3)–C(4)–C(9) 82.84(10) S(2)–C(3)–C(4)–C(5)  −96.69(9) 
C(9)–C(4)–C(5)–C(6) 1.51(15) C(3)–C(4)–C(5)–C(6)  −178.96(10) 
C(4)–C(5)–C(6)–C(7)  −1.14(17) C(5)–C(6)–C(7)–C(8) 0.04(17) 
C(6)–C(7)–C(8)–C(9) 0.67(17) C(5)–C(4)–C(9)–C(8)  −0.80(15) 
C(3)–C(4)–C(9)–C(8) 179.68(9) C(7)–C(8)–C(9)–C(4)  −0.28(16) 
 
Table 6.  Hydrogen bonds for gw65 [Å and °]. 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA) 
 
N(1)–H(1A)...Cl(1) 0.847(14) 2.449(14) 3.2145(10) 150.7(12) 
N(1)–H(1B)...Cl(1') 0.835(14) 2.323(15) 3.1538(9) 173.2(13) 
N(2)–H(2A)...Cl(1) 0.808(15) 2.422(15) 3.1702(9) 154.5(13) 
N(2)–H(2B)...S(2) 0.810(14) 2.609(14) 3.1019(9) 120.7(11) 
N(2)–H(2B)...Cl(1") 0.810(14) 2.673(14) 3.2618(9) 131.0(12) 
 
Symmetry operations for equivalent atoms 
'   x,−y+3/2,z−1/2      "   −x+1,−y+1,−z+2        
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5.12 X-Ray diffraction data for structure 239 
 
 
 
Table 1.  Crystal data and structure refinement for gw66. 
 
Identification code  gw66 
Chemical formula  C16H20O3 
Formula weight  260.32 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  orthorhombic, P212121 
Unit cell parameters a = 5.4642(16) Å α = 90° 
 b = 7.449(2) Å β = 90° 
 c = 34.993(10) Å γ = 90° 
Cell volume 1424.3(7) Å3 
Z 4 
Calculated density  1.214 g/cm3 
Absorption coefficient μ 0.083 mm−1 
F(000) 560 
Crystal colour and size colourless, 0.56 × 0.35 × 0.34 mm3 
Reflections for cell refinement 4788 (θ range 2.33 to 26.02°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.33 to 28.37° 
Index ranges h −7 to 7, k −9 to 9, l −46 to 46 
Completeness to θ = 28.37° 99.9 %  
Intensity decay 0% 
Reflections collected 14657 
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Independent reflections 2113 (Rint = 0.0357) 
Reflections with F2>2σ 1935 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.955 and 0.973 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0451, 0.1889 
Data / restraints / parameters 2113 / 0 / 177 
Final R indices [F2>2σ] R1 = 0.0345, wR2 = 0.0863 
R indices (all data) R1 = 0.0384, wR2 = 0.0888 
Goodness-of-fit on F2 1.068 
Largest and mean shift/su 0.000 and 0.000 
Largest diff. peak and hole 0.243 and −0.140 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw66.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
O(1)  −0.2114(2) 0.53960(18) 0.16063(3) 0.0393(3) 
C(1)  −0.0506(3) 0.4476(2) 0.17424(4) 0.0301(3) 
C(2) 0.1563(3) 0.3523(2) 0.15598(4) 0.0264(3) 
C(3) 0.2624(3) 0.2306(2) 0.18627(4) 0.0289(3) 
C(4) 0.1749(3) 0.3216(2) 0.22304(4) 0.0306(3) 
O(2)  −0.0528(2) 0.41066(17) 0.21220(3) 0.0337(3) 
C(5) 0.3488(3) 0.4618(2) 0.23869(4) 0.0338(3) 
O(3) 0.3889(2) 0.60428(16) 0.21255(4) 0.0369(3) 
C(6) 0.1662(4) 0.0388(2) 0.18204(5) 0.0422(4) 
C(7) 0.2313(3) 0.3707(2) 0.11984(4) 0.0275(3) 
C(8) 0.4418(3) 0.2653(2) 0.10443(4) 0.0335(4) 
C(9) 0.1269(3) 0.5067(2) 0.09252(4) 0.0308(3) 
C(10) 0.2620(4) 0.6855(2) 0.09676(6) 0.0497(5) 
C(11) 0.1877(3) 0.8224(2) 0.06731(5) 0.0347(4) 
C(12)  −0.0226(3) 0.9238(2) 0.07182(5) 0.0362(4) 
C(13)  −0.0913(3) 1.0497(2) 0.04466(5) 0.0377(4) 
C(14) 0.0493(4) 1.0755(2) 0.01256(5) 0.0382(4) 
C(15) 0.2592(4) 0.9751(2) 0.00763(5) 0.0421(4) 
C(16) 0.3264(3) 0.8493(2) 0.03464(6) 0.0415(4) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw66. 
 
O(1)–C(1)  1.212(2) C(1)–O(2)  1.3566(19) 
C(1)–C(2)  1.480(2) C(2)–C(7)  1.336(2) 
C(2)–C(3)  1.511(2) C(3)–C(6)  1.529(2) 
C(3)–C(4)  1.531(2) C(4)–O(2)  1.460(2) 
C(4)–C(5)  1.515(2) C(5)–O(3)  1.418(2) 
C(7)–C(8)  1.494(2) C(7)–C(9)  1.505(2) 
C(9)–C(10)  1.530(2) C(10)–C(11)  1.505(2) 
C(11)–C(12)  1.384(3) C(11)–C(16)  1.386(3) 
C(12)–C(13)  1.387(2) C(13)–C(14)  1.374(3) 
C(14)–C(15)  1.380(3) C(15)–C(16)  1.381(3) 
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O(1)–C(1)–O(2) 119.54(15) O(1)–C(1)–C(2) 130.95(15) 
O(2)–C(1)–C(2) 109.41(13) C(7)–C(2)–C(1) 126.42(14) 
C(7)–C(2)–C(3) 127.44(14) C(1)–C(2)–C(3) 106.15(12) 
C(2)–C(3)–C(6) 111.12(13) C(2)–C(3)–C(4) 101.79(12) 
C(6)–C(3)–C(4) 112.79(14) O(2)–C(4)–C(5) 108.37(13) 
O(2)–C(4)–C(3) 104.43(12) C(5)–C(4)–C(3) 114.40(14) 
C(1)–O(2)–C(4) 109.81(12) O(3)–C(5)–C(4) 112.32(13) 
C(2)–C(7)–C(8) 121.60(14) C(2)–C(7)–C(9) 123.63(14) 
C(8)–C(7)–C(9) 114.61(13) C(7)–C(9)–C(10) 109.95(13) 
C(11)–C(10)–C(9) 113.16(14) C(12)–C(11)–C(16) 117.97(16) 
C(12)–C(11)–C(10) 121.00(18) C(16)–C(11)–C(10) 121.02(18) 
C(11)–C(12)–C(13) 121.03(16) C(14)–C(13)–C(12) 120.23(17) 
C(13)–C(14)–C(15) 119.40(16) C(14)–C(15)–C(16) 120.21(16) 
C(15)–C(16)–C(11) 121.16(17)  
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw66. 
 
      x       y       z       U 
 
H(3A) 0.4452 0.2317 0.1850 0.035 
H(4) 0.1412 0.2288 0.2430 0.037 
H(5A) 0.2809 0.5111 0.2627 0.041 
H(5B) 0.5074 0.4041 0.2448 0.041 
H(3) 0.512(4) 0.577(3) 0.1991(6) 0.055 
H(6A)  −0.0132 0.0405 0.1817 0.063 
H(6B) 0.2229  −0.0340 0.2036 0.063 
H(6C) 0.2270  −0.0129 0.1581 0.063 
H(8A) 0.5134 0.1927 0.1249 0.050 
H(8B) 0.5659 0.3477 0.0943 0.050 
H(8C) 0.3844 0.1864 0.0839 0.050 
H(9A)  −0.0494 0.5241 0.0979 0.037 
H(9B) 0.1436 0.4624 0.0660 0.037 
H(10A) 0.2295 0.7348 0.1225 0.060 
H(10B) 0.4402 0.6638 0.0946 0.060 
H(12)  −0.1214 0.9068 0.0939 0.043 
H(13)  −0.2360 1.1183 0.0483 0.045 
H(14) 0.0024 1.1617  −0.0061 0.046 
H(15) 0.3578 0.9926  −0.0144 0.051 
H(16) 0.4702 0.7800 0.0308 0.050 
 
Table 5.  Torsion angles [°] for gw66. 
 
O(1)–C(1)–C(2)–C(7) 11.0(3) O(2)–C(1)–C(2)–C(7)  −172.66(15) 
O(1)–C(1)–C(2)–C(3)  −168.66(18) O(2)–C(1)–C(2)–C(3) 7.66(17) 
C(7)–C(2)–C(3)–C(6)  −81.5(2) C(1)–C(2)–C(3)–C(6) 98.15(15) 
C(7)–C(2)–C(3)–C(4) 158.16(16) C(1)–C(2)–C(3)–C(4)  −22.17(16) 
C(2)–C(3)–C(4)–O(2) 28.51(15) C(6)–C(3)–C(4)–O(2)  −90.63(15) 
C(2)–C(3)–C(4)–C(5)  −89.78(16) C(6)–C(3)–C(4)–C(5) 151.08(15) 
O(1)–C(1)–O(2)–C(4)  −171.63(15) C(2)–C(1)–O(2)–C(4) 11.57(18) 
C(5)–C(4)–O(2)–C(1) 96.55(15) C(3)–C(4)–O(2)–C(1)  −25.78(16) 
O(2)–C(4)–C(5)–O(3)  −55.61(16) C(3)–C(4)–C(5)–O(3) 60.42(18) 
C(1)–C(2)–C(7)–C(8)  −179.32(15) C(3)–C(2)–C(7)–C(8) 0.3(3) 
C(1)–C(2)–C(7)–C(9) 5.5(3) C(3)–C(2)–C(7)–C(9)  −174.85(14) 
C(2)–C(7)–C(9)–C(10) 86.8(2) C(8)–C(7)–C(9)–C(10)  −88.60(18) 
C(7)–C(9)–C(10)–C(11) 173.42(17) C(9)–C(10)–C(11)–C(12) 81.4(2) 
C(9)–C(10)–C(11)–C(16)  −97.8(2) C(16)–C(11)–C(12)–C(13)  −0.6(2) 
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C(10)–C(11)–C(12)–C(13)  −179.88(17) C(11)–C(12)–C(13)–C(14) 0.2(3) 
C(12)–C(13)–C(14)–C(15) 0.0(3) C(13)–C(14)–C(15)–C(16) 0.3(3) 
C(14)–C(15)–C(16)–C(11)  −0.8(3) C(12)–C(11)–C(16)–C(15) 0.9(3) 
C(10)–C(11)–C(16)–C(15)  −179.81(16)  
 
Table 6.  Hydrogen bonds for gw66 [Å and °]. 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA) 
 
O(3)–H(3)...O(1') 0.84(2) 2.05(2) 2.8818(18) 171(2) 
 
Symmetry operations for equivalent atoms 
'   x+1,y,z        
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5.13 X-Ray diffraction data for structure 235 
 
 
 
Table 1.  Crystal data and structure refinement for gw70. 
 
Identification code  gw70 
Chemical formula  C9H16O3S2 
Formula weight  236.34 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21 
Unit cell parameters a = 13.619(3) Å α = 90° 
 b = 15.681(3) Å β = 106.057(3)° 
 c = 22.336(4) Å γ = 90° 
Cell volume 4584.0(16) Å3 
Z 16 
Calculated density  1.370 g/cm3 
Absorption coefficient μ 0.445 mm−1 
F(000) 2016 
Crystal colour and size colourless, 0.51 × 0.21 × 0.10 mm3 
Reflections for cell refinement 4023 (θ range 2.77 to 21.76°) 
Data collection method Bruker APEX 2 CCD diffractometer 
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 ω rotation with narrow frames 
θ range for data collection 0.95 to 27.51° 
Index ranges h −17 to 17, k −20 to 20, l −29 to 28 
Completeness to θ = 27.51° 99.9 %  
Intensity decay 0% 
Reflections collected 44700 
Independent reflections 20865 (Rint = 0.0588) 
Reflections with F2>2σ 12961 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.805 and 0.957 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0352, 0.0000 
Data / restraints / parameters 20865 / 1 / 1034 
Final R indices [F2>2σ] R1 = 0.0530, wR2 = 0.0928 
R indices (all data) R1 = 0.1000, wR2 = 0.1112 
Goodness-of-fit on F2 0.951 
Absolute structure parameter  −0.01(4) 
Largest and mean shift/su 0.002 and 0.000 
Largest diff. peak and hole 0.388 and −0.338 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw70.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
S(1) 0.88496(8) 0.72608(7) 0.79655(4) 0.0271(3) 
S(2) 0.91757(8) 0.80862(7) 0.87111(5) 0.0282(3) 
O(1) 0.6966(2) 0.69497(19) 0.86016(13) 0.0324(7) 
O(2) 0.9084(2) 0.89128(18) 0.84153(14) 0.0405(8) 
O(3) 1.0127(2) 0.78626(19) 0.91494(13) 0.0345(7) 
C(1) 0.8201(3) 0.8011(3) 0.91028(19) 0.0288(10) 
C(2) 0.7741(3) 0.7134(3) 0.91649(18) 0.0261(9) 
C(3) 0.8467(3) 0.6358(3) 0.93014(18) 0.0269(10) 
C(4) 0.8301(3) 0.5934(3) 0.86634(19) 0.0264(10) 
C(5) 0.9046(3) 0.6163(3) 0.82821(19) 0.0264(10) 
C(6) 1.0159(3) 0.6004(3) 0.8650(2) 0.0330(10) 
C(7) 0.8807(3) 0.5622(3) 0.7687(2) 0.0390(11) 
C(8) 0.7184(3) 0.6150(3) 0.83500(19) 0.0300(10) 
C(9) 0.8205(4) 0.5758(3) 0.9772(2) 0.0448(13) 
S(1A) 0.61191(8) 0.47235(7) 0.69612(5) 0.0281(3) 
S(2A) 0.58941(8) 0.56027(7) 0.62499(5) 0.0295(3) 
O(1A) 0.8054(2) 0.4384(2) 0.63590(13) 0.0339(7) 
O(2A) 0.6042(2) 0.64049(18) 0.65834(14) 0.0443(9) 
O(3A) 0.4947(2) 0.54512(19) 0.57893(13) 0.0350(7) 
C(1A) 0.6896(3) 0.5505(3) 0.5875(2) 0.0317(10) 
C(2A) 0.7306(3) 0.4624(3) 0.57909(18) 0.0275(10) 
C(3A) 0.6553(3) 0.3887(3) 0.56155(17) 0.0249(9) 
C(4A) 0.6658(3) 0.3417(3) 0.62415(17) 0.0247(9) 
C(5A) 0.5881(3) 0.3650(3) 0.65979(18) 0.0239(9) 
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C(6A) 0.6052(3) 0.3077(3) 0.71800(19) 0.0360(11) 
C(7A) 0.4779(3) 0.3550(3) 0.6204(2) 0.0319(10) 
C(8A) 0.7772(3) 0.3594(3) 0.65841(19) 0.0310(10) 
C(9A) 0.6831(3) 0.3296(3) 0.51446(19) 0.0372(11) 
S(1B) 0.22655(8) 0.77264(7) 0.83625(5) 0.0296(3) 
S(2B) 0.33571(8) 0.70159(7) 0.89812(5) 0.0331(3) 
O(1B) 0.4342(2) 0.8186(2) 0.79996(12) 0.0330(7) 
O(2B) 0.3025(3) 0.6152(2) 0.88108(17) 0.0556(10) 
O(3B) 0.3471(2) 0.7295(2) 0.96108(13) 0.0425(8) 
C(1B) 0.4555(3) 0.7168(3) 0.88201(19) 0.0312(10) 
C(2B) 0.4820(3) 0.8062(3) 0.86533(17) 0.0271(9) 
C(3B) 0.4507(3) 0.8823(3) 0.89970(19) 0.0270(10) 
C(4B) 0.3546(3) 0.9175(3) 0.85182(19) 0.0272(10) 
C(5B) 0.2506(3) 0.8864(3) 0.85718(19) 0.0292(10) 
C(6B) 0.1632(3) 0.9292(3) 0.8069(2) 0.0447(13) 
C(7B) 0.2357(4) 0.9066(3) 0.9209(2) 0.0421(13) 
C(8B) 0.3769(3) 0.8960(3) 0.79016(19) 0.0328(11) 
C(9B) 0.5358(3) 0.9499(3) 0.9164(2) 0.0421(12) 
S(1C) 0.26915(9) 0.50570(7) 0.64847(6) 0.0337(3) 
S(2C) 0.15147(9) 0.45954(7) 0.57701(6) 0.0355(3) 
O(1C) 0.0727(2) 0.54102(19) 0.69741(12) 0.0337(7) 
O(2C) 0.1763(3) 0.3706(2) 0.57406(18) 0.0601(10) 
O(3C) 0.1390(2) 0.5093(2) 0.52105(13) 0.0389(8) 
C(1C) 0.0369(3) 0.4672(3) 0.6000(2) 0.0347(11) 
C(2C) 0.0201(3) 0.5491(3) 0.63266(18) 0.0272(10) 
C(3C) 0.0579(3) 0.6339(3) 0.6109(2) 0.0284(10) 
C(4C) 0.1564(3) 0.6531(3) 0.66159(18) 0.0277(10) 
C(5C) 0.2574(3) 0.6237(3) 0.65010(19) 0.0258(9) 
C(6C) 0.3488(3) 0.6462(3) 0.7058(2) 0.0445(13) 
C(7C) 0.2744(3) 0.6640(3) 0.59141(19) 0.0338(11) 
C(8C) 0.1325(3) 0.6154(3) 0.71899(19) 0.0361(11) 
C(9C)  −0.0225(3) 0.7043(3) 0.6048(2) 0.0499(13) 
S(1D) 0.24417(9) 0.25192(8) 0.85671(5) 0.0342(3) 
S(2D) 0.36677(9) 0.20363(7) 0.92405(5) 0.0336(3) 
C(8D) 0.3707(4) 0.3745(3) 0.7887(2) 0.0459(13) 
O(2D) 0.3478(3) 0.1136(2) 0.92245(18) 0.0633(11) 
O(3D) 0.3795(2) 0.2481(2) 0.98246(12) 0.0411(8) 
C(1D) 0.4795(3) 0.2208(3) 0.8996(2) 0.0326(11) 
C(2D) 0.4896(3) 0.3061(3) 0.87023(19) 0.0314(10) 
C(3D) 0.4507(3) 0.3858(3) 0.8968(2) 0.0354(11) 
C(4D) 0.3483(3) 0.4054(3) 0.8478(2) 0.0337(11) 
C(5D) 0.2523(3) 0.3695(3) 0.86127(19) 0.0291(10) 
C(6D) 0.1561(3) 0.3946(4) 0.8086(2) 0.0563(15) 
C(7D) 0.2373(3) 0.4025(3) 0.9227(2) 0.0413(12) 
O(1D) 0.4349(2) 0.3009(2) 0.80552(13) 0.0402(8) 
C(9D) 0.5264(4) 0.4602(4) 0.9038(3) 0.0670(17) 
S(1E) 0.89105(9) 0.26108(8) 0.81964(5) 0.0356(3) 
S(2E) 0.93790(9) 0.30475(7) 0.91007(5) 0.0339(3) 
O(1E) 0.7046(2) 0.2017(2) 0.87532(13) 0.0427(8) 
O(2E) 0.9434(3) 0.3954(2) 0.90302(18) 0.0640(11) 
O(3E) 1.0281(2) 0.26203(18) 0.94524(12) 0.0330(7) 
C(1E) 0.8367(3) 0.2830(3) 0.9447(2) 0.0424(13) 
C(2E) 0.7847(3) 0.1960(3) 0.93240(19) 0.0379(12) 
C(3E) 0.8510(3) 0.1191(3) 0.92671(19) 0.0343(11) 
C(4E) 0.8236(3) 0.1032(3) 0.8563(2) 0.0305(10) 
C(5E) 0.8948(3) 0.1430(3) 0.8210(2) 0.0312(11) 
C(6E) 1.0047(3) 0.1111(3) 0.8461(2) 0.0477(14) 
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C(7E) 0.8560(4) 0.1233(4) 0.7507(2) 0.0561(16) 
C(8E) 0.7125(3) 0.1323(3) 0.83597(19) 0.0311(10) 
C(9E) 0.8274(4) 0.0409(3) 0.9618(2) 0.0658(18) 
S(1F) 0.25990(8) 0.02495(8) 0.65813(5) 0.0316(3) 
S(2F) 0.14692(9)  −0.04936(7) 0.60291(6) 0.0345(3) 
O(1F) 0.0576(2) 0.0859(2) 0.69500(13) 0.0383(8) 
O(2F) 0.1780(3)  −0.1337(2) 0.62583(18) 0.0586(10) 
O(3F) 0.1335(2)  −0.0314(2) 0.53824(13) 0.0420(8) 
C(1F) 0.0287(3)  −0.0262(3) 0.6197(2) 0.0352(11) 
C(2F) 0.0062(3) 0.0669(3) 0.63125(19) 0.0299(10) 
C(3F) 0.0379(3) 0.1349(3) 0.59151(19) 0.0291(10) 
C(4F) 0.1361(3) 0.1730(3) 0.63490(19) 0.0295(10) 
C(5F) 0.2388(3) 0.1360(3) 0.63003(19) 0.0292(10) 
C(6F) 0.2497(3) 0.1449(3) 0.56433(19) 0.0370(11) 
C(7F) 0.3289(3) 0.1821(3) 0.6757(2) 0.0462(13) 
C(8F) 0.1160(3) 0.1608(3) 0.6983(2) 0.0383(12) 
C(9F)  −0.0449(3) 0.2039(3) 0.5708(2) 0.0458(13) 
S(1G) 0.60127(8) 1.00655(7) 0.68625(5) 0.0316(3) 
S(2G) 0.55668(8) 1.05273(7) 0.59648(5) 0.0310(3) 
O(1G) 0.7945(2) 0.9596(2) 0.63428(13) 0.0363(8) 
C(1G) 0.6604(3) 1.0374(3) 0.5631(2) 0.0339(11) 
C(2G) 0.7174(3) 0.9528(3) 0.57534(19) 0.0311(10) 
C(3G) 0.6542(3) 0.8725(3) 0.57835(19) 0.0288(10) 
C(4G) 0.6792(3) 0.8540(3) 0.64866(18) 0.0249(9) 
C(5G) 0.6033(3) 0.8886(3) 0.68294(18) 0.0261(10) 
C(6G) 0.4959(3) 0.8518(3) 0.6548(2) 0.0348(11) 
C(7G) 0.6393(3) 0.8666(3) 0.75226(18) 0.0425(12) 
C(8G) 0.7882(3) 0.8880(3) 0.67212(19) 0.0305(10) 
C(9G) 0.6866(4) 0.7975(3) 0.5444(2) 0.0490(13) 
O(3G) 0.4687(2) 1.00777(17) 0.55914(13) 0.0301(7) 
O(2G) 0.5458(3) 1.14256(19) 0.60495(16) 0.0521(9) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw70. 
 
S(1)–C(5)  1.853(4) S(1)–S(2)  2.0584(15) 
S(2)–O(3)  1.435(3) S(2)–O(2)  1.444(3) 
S(2)–C(1)  1.784(4) O(1)–C(2)  1.430(4) 
O(1)–C(8)  1.437(5) C(1)–C(2)  1.534(6) 
C(2)–C(3)  1.544(6) C(3)–C(9)  1.525(5) 
C(3)–C(4)  1.532(5) C(4)–C(8)  1.526(5) 
C(4)–C(5)  1.537(5) C(5)–C(6)  1.531(5) 
C(5)–C(7)  1.533(5) S(1A)–C(5A)  1.858(4) 
S(1A)–S(2A)  2.0613(16) S(2A)–O(3A)  1.430(3) 
S(2A)–O(2A)  1.447(3) S(2A)–C(1A)  1.794(4) 
O(1A)–C(8A)  1.429(5) O(1A)–C(2A)  1.440(5) 
C(1A)–C(2A)  1.522(6) C(2A)–C(3A)  1.522(6) 
C(3A)–C(9A)  1.527(5) C(3A)–C(4A)  1.552(5) 
C(4A)–C(8A)  1.524(5) C(4A)–C(5A)  1.533(5) 
C(5A)–C(7A)  1.525(5) C(5A)–C(6A)  1.545(5) 
S(1B)–C(5B)  1.851(5) S(1B)–S(2B)  2.0554(16) 
S(2B)–O(3B)  1.440(3) S(2B)–O(2B)  1.445(3) 
S(2B)–C(1B)  1.782(4) O(1B)–C(8B)  1.426(5) 
O(1B)–C(2B)  1.438(4) C(1B)–C(2B)  1.519(6) 
C(2B)–C(3B)  1.542(6) C(3B)–C(9B)  1.539(6) 
C(3B)–C(4B)  1.545(6) C(4B)–C(8B)  1.528(5) 
C(4B)–C(5B)  1.534(5) C(5B)–C(7B)  1.525(5) 
C(5B)–C(6B)  1.545(6) S(1C)–C(5C)  1.859(4) 
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S(1C)–S(2C)  2.0555(17) S(2C)–O(2C)  1.441(3) 
S(2C)–O(3C)  1.443(3) S(2C)–C(1C)  1.777(4) 
O(1C)–C(8C)  1.428(5) O(1C)–C(2C)  1.431(4) 
C(1C)–C(2C)  1.524(6) C(2C)–C(3C)  1.553(6) 
C(3C)–C(4C)  1.528(6) C(3C)–C(9C)  1.534(6) 
C(4C)–C(8C)  1.527(5) C(4C)–C(5C)  1.538(5) 
C(5C)–C(7C)  1.529(5) C(5C)–C(6C)  1.538(5) 
S(1D)–C(5D)  1.848(4) S(1D)–S(2D)  2.0577(16) 
S(2D)–O(2D)  1.433(3) S(2D)–O(3D)  1.447(3) 
S(2D)–C(1D)  1.786(4) C(8D)–O(1D)  1.433(5) 
C(8D)–C(4D)  1.515(6) C(1D)–C(2D)  1.513(6) 
C(2D)–O(1D)  1.434(5) C(2D)–C(3D)  1.538(6) 
C(3D)–C(9D)  1.536(6) C(3D)–C(4D)  1.547(6) 
C(4D)–C(5D)  1.527(6) C(5D)–C(7D)  1.532(5) 
C(5D)–C(6D)  1.550(6) S(1E)–C(5E)  1.852(4) 
S(1E)–S(2E)  2.0599(16) S(2E)–O(3E)  1.429(3) 
S(2E)–O(2E)  1.434(3) S(2E)–C(1E)  1.790(4) 
O(1E)–C(8E)  1.421(5) O(1E)–C(2E)  1.433(5) 
C(1E)–C(2E)  1.527(6) C(2E)–C(3E)  1.532(6) 
C(3E)–C(4E)  1.532(6) C(3E)–C(9E)  1.537(6) 
C(4E)–C(8E)  1.524(6) C(4E)–C(5E)  1.542(5) 
C(5E)–C(6E)  1.530(6) C(5E)–C(7E)  1.545(6) 
S(1F)–C(5F)  1.846(4) S(1F)–S(2F)  2.0485(16) 
S(2F)–O(3F)  1.433(3) S(2F)–O(2F)  1.439(3) 
S(2F)–C(1F)  1.788(4) O(1F)–C(8F)  1.409(5) 
O(1F)–C(2F)  1.434(5) C(1F)–C(2F)  1.528(6) 
C(2F)–C(3F)  1.525(6) C(3F)–C(4F)  1.539(6) 
C(3F)–C(9F)  1.539(6) C(4F)–C(8F)  1.526(6) 
C(4F)–C(5F)  1.546(5) C(5F)–C(6F)  1.522(5) 
C(5F)–C(7F)  1.542(6) S(1G)–C(5G)  1.851(4) 
S(1G)–S(2G)  2.0593(16) S(2G)–O(2G)  1.434(3) 
S(2G)–O(3G)  1.440(3) S(2G)–C(1G)  1.787(4) 
O(1G)–C(8G)  1.422(5) O(1G)–C(2G)  1.443(5) 
C(1G)–C(2G)  1.522(6) C(2G)–C(3G)  1.538(6) 
C(3G)–C(9G)  1.530(6) C(3G)–C(4G)  1.540(5) 
C(4G)–C(8G)  1.526(5) C(4G)–C(5G)  1.545(5) 
C(5G)–C(7G)  1.529(5) C(5G)–C(6G)  1.536(5) 
C(5)–S(1)–S(2) 107.43(14) O(3)–S(2)–O(2) 118.60(19) 
O(3)–S(2)–C(1) 107.66(19) O(2)–S(2)–C(1) 107.57(19) 
O(3)–S(2)–S(1) 110.51(14) O(2)–S(2)–S(1) 102.83(14) 
C(1)–S(2)–S(1) 109.39(15) C(2)–O(1)–C(8) 109.8(3) 
C(2)–C(1)–S(2) 118.8(3) O(1)–C(2)–C(1) 108.8(3) 
O(1)–C(2)–C(3) 106.9(3) C(1)–C(2)–C(3) 118.0(3) 
C(9)–C(3)–C(4) 111.8(4) C(9)–C(3)–C(2) 111.3(3) 
C(4)–C(3)–C(2) 103.7(3) C(8)–C(4)–C(3) 101.7(3) 
C(8)–C(4)–C(5) 114.9(3) C(3)–C(4)–C(5) 117.6(3) 
C(6)–C(5)–C(7) 108.5(3) C(6)–C(5)–C(4) 111.8(3) 
C(7)–C(5)–C(4) 109.6(3) C(6)–C(5)–S(1) 111.9(3) 
C(7)–C(5)–S(1) 102.1(3) C(4)–C(5)–S(1) 112.3(3) 
O(1)–C(8)–C(4) 107.5(3) C(5A)–S(1A)–S(2A) 107.37(14) 
O(3A)–S(2A)–O(2A) 118.97(19) O(3A)–S(2A)–C(1A) 107.52(19) 
O(2A)–S(2A)–C(1A) 107.4(2) O(3A)–S(2A)–S(1A) 110.84(13) 
O(2A)–S(2A)–S(1A) 102.40(14) C(1A)–S(2A)–S(1A) 109.42(15) 
C(8A)–O(1A)–C(2A) 110.1(3) C(2A)–C(1A)–S(2A) 119.2(3) 
O(1A)–C(2A)–C(1A) 108.8(3) O(1A)–C(2A)–C(3A) 106.9(3) 
C(1A)–C(2A)–C(3A) 118.5(3) C(2A)–C(3A)–C(9A) 111.1(3) 
C(2A)–C(3A)–C(4A) 104.0(3) C(9A)–C(3A)–C(4A) 110.7(3) 
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C(8A)–C(4A)–C(5A) 115.4(3) C(8A)–C(4A)–C(3A) 101.3(3) 
C(5A)–C(4A)–C(3A) 116.7(3) C(7A)–C(5A)–C(4A) 112.7(3) 
C(7A)–C(5A)–C(6A) 108.7(3) C(4A)–C(5A)–C(6A) 109.5(3) 
C(7A)–C(5A)–S(1A) 111.8(3) C(4A)–C(5A)–S(1A) 112.4(3) 
C(6A)–C(5A)–S(1A) 101.1(3) O(1A)–C(8A)–C(4A) 108.0(3) 
C(5B)–S(1B)–S(2B) 107.96(15) O(3B)–S(2B)–O(2B) 118.9(2) 
O(3B)–S(2B)–C(1B) 107.42(19) O(2B)–S(2B)–C(1B) 108.1(2) 
O(3B)–S(2B)–S(1B) 110.77(14) O(2B)–S(2B)–S(1B) 102.43(16) 
C(1B)–S(2B)–S(1B) 108.90(15) C(8B)–O(1B)–C(2B) 110.2(3) 
C(2B)–C(1B)–S(2B) 117.8(3) O(1B)–C(2B)–C(1B) 107.6(3) 
O(1B)–C(2B)–C(3B) 106.9(3) C(1B)–C(2B)–C(3B) 118.4(3) 
C(9B)–C(3B)–C(2B) 111.1(3) C(9B)–C(3B)–C(4B) 111.1(4) 
C(2B)–C(3B)–C(4B) 103.3(3) C(8B)–C(4B)–C(5B) 114.8(4) 
C(8B)–C(4B)–C(3B) 101.8(3) C(5B)–C(4B)–C(3B) 117.2(3) 
C(7B)–C(5B)–C(4B) 111.8(4) C(7B)–C(5B)–C(6B) 108.3(4) 
C(4B)–C(5B)–C(6B) 110.4(3) C(7B)–C(5B)–S(1B) 112.0(3) 
C(4B)–C(5B)–S(1B) 112.9(3) C(6B)–C(5B)–S(1B) 100.8(3) 
O(1B)–C(8B)–C(4B) 106.6(3) C(5C)–S(1C)–S(2C) 108.24(14) 
O(2C)–S(2C)–O(3C) 117.2(2) O(2C)–S(2C)–C(1C) 108.3(2) 
O(3C)–S(2C)–C(1C) 108.1(2) O(2C)–S(2C)–S(1C) 103.53(17) 
O(3C)–S(2C)–S(1C) 111.24(14) C(1C)–S(2C)–S(1C) 108.05(15) 
C(8C)–O(1C)–C(2C) 110.4(3) C(2C)–C(1C)–S(2C) 117.1(3) 
O(1C)–C(2C)–C(1C) 108.0(3) O(1C)–C(2C)–C(3C) 106.0(3) 
C(1C)–C(2C)–C(3C) 117.7(3) C(4C)–C(3C)–C(9C) 112.5(4) 
C(4C)–C(3C)–C(2C) 103.6(3) C(9C)–C(3C)–C(2C) 110.7(4) 
C(8C)–C(4C)–C(3C) 101.5(3) C(8C)–C(4C)–C(5C) 115.6(4) 
C(3C)–C(4C)–C(5C) 117.4(3) C(7C)–C(5C)–C(6C) 108.5(3) 
C(7C)–C(5C)–C(4C) 111.9(3) C(6C)–C(5C)–C(4C) 111.0(3) 
C(7C)–C(5C)–S(1C) 111.1(3) C(6C)–C(5C)–S(1C) 100.9(3) 
C(4C)–C(5C)–S(1C) 112.8(3) O(1C)–C(8C)–C(4C) 105.5(3) 
C(5D)–S(1D)–S(2D) 107.62(15) O(2D)–S(2D)–O(3D) 118.2(2) 
O(2D)–S(2D)–C(1D) 107.7(2) O(3D)–S(2D)–C(1D) 107.7(2) 
O(2D)–S(2D)–S(1D) 103.89(18) O(3D)–S(2D)–S(1D) 110.62(14) 
C(1D)–S(2D)–S(1D) 108.26(15) O(1D)–C(8D)–C(4D) 106.5(3) 
C(2D)–C(1D)–S(2D) 117.0(3) O(1D)–C(2D)–C(1D) 107.6(4) 
O(1D)–C(2D)–C(3D) 107.3(3) C(1D)–C(2D)–C(3D) 118.0(3) 
C(9D)–C(3D)–C(2D) 111.3(4) C(9D)–C(3D)–C(4D) 111.7(4) 
C(2D)–C(3D)–C(4D) 103.2(4) C(8D)–C(4D)–C(5D) 116.3(4) 
C(8D)–C(4D)–C(3D) 101.1(3) C(5D)–C(4D)–C(3D) 116.2(4) 
C(4D)–C(5D)–C(7D) 112.7(4) C(4D)–C(5D)–C(6D) 110.3(4) 
C(7D)–C(5D)–C(6D) 107.5(4) C(4D)–C(5D)–S(1D) 113.5(3) 
C(7D)–C(5D)–S(1D) 111.4(3) C(6D)–C(5D)–S(1D) 100.7(3) 
C(8D)–O(1D)–C(2D) 109.1(3) C(5E)–S(1E)–S(2E) 108.44(15) 
O(3E)–S(2E)–O(2E) 117.5(2) O(3E)–S(2E)–C(1E) 108.7(2) 
O(2E)–S(2E)–C(1E) 107.8(2) O(3E)–S(2E)–S(1E) 111.67(13) 
O(2E)–S(2E)–S(1E) 103.48(17) C(1E)–S(2E)–S(1E) 107.11(16) 
C(8E)–O(1E)–C(2E) 109.5(3) C(2E)–C(1E)–S(2E) 117.8(3) 
O(1E)–C(2E)–C(1E) 107.8(4) O(1E)–C(2E)–C(3E) 107.2(3) 
C(1E)–C(2E)–C(3E) 117.6(3) C(2E)–C(3E)–C(4E) 103.4(3) 
C(2E)–C(3E)–C(9E) 112.0(4) C(4E)–C(3E)–C(9E) 111.5(4) 
C(8E)–C(4E)–C(3E) 101.4(3) C(8E)–C(4E)–C(5E) 116.0(4) 
C(3E)–C(4E)–C(5E) 116.7(3) C(6E)–C(5E)–C(4E) 111.7(4) 
C(6E)–C(5E)–C(7E) 109.4(4) C(4E)–C(5E)–C(7E) 110.7(3) 
C(6E)–C(5E)–S(1E) 110.7(3) C(4E)–C(5E)–S(1E) 113.3(3) 
C(7E)–C(5E)–S(1E) 100.5(3) O(1E)–C(8E)–C(4E) 106.5(3) 
C(5F)–S(1F)–S(2F) 108.16(15) O(3F)–S(2F)–O(2F) 118.8(2) 
O(3F)–S(2F)–C(1F) 107.5(2) O(2F)–S(2F)–C(1F) 107.8(2) 
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O(3F)–S(2F)–S(1F) 111.11(15) O(2F)–S(2F)–S(1F) 102.18(16) 
C(1F)–S(2F)–S(1F) 109.14(16) C(8F)–O(1F)–C(2F) 109.8(3) 
C(2F)–C(1F)–S(2F) 117.7(3) O(1F)–C(2F)–C(3F) 107.1(3) 
O(1F)–C(2F)–C(1F) 107.5(4) C(3F)–C(2F)–C(1F) 117.9(3) 
C(2F)–C(3F)–C(4F) 104.0(3) C(2F)–C(3F)–C(9F) 111.3(4) 
C(4F)–C(3F)–C(9F) 110.7(4) C(8F)–C(4F)–C(3F) 100.8(3) 
C(8F)–C(4F)–C(5F) 114.6(4) C(3F)–C(4F)–C(5F) 117.1(3) 
C(6F)–C(5F)–C(7F) 108.9(4) C(6F)–C(5F)–C(4F) 111.4(3) 
C(7F)–C(5F)–C(4F) 110.3(4) C(6F)–C(5F)–S(1F) 111.6(3) 
C(7F)–C(5F)–S(1F) 101.4(3) C(4F)–C(5F)–S(1F) 112.9(3) 
O(1F)–C(8F)–C(4F) 107.5(3) C(5G)–S(1G)–S(2G) 108.42(14) 
O(2G)–S(2G)–O(3G) 117.21(19) O(2G)–S(2G)–C(1G) 108.1(2) 
O(3G)–S(2G)–C(1G) 108.60(19) O(2G)–S(2G)–S(1G) 103.31(16) 
O(3G)–S(2G)–S(1G) 111.45(13) C(1G)–S(2G)–S(1G) 107.75(15) 
C(8G)–O(1G)–C(2G) 109.7(3) C(2G)–C(1G)–S(2G) 117.7(3) 
O(1G)–C(2G)–C(1G) 107.8(4) O(1G)–C(2G)–C(3G) 107.2(3) 
C(1G)–C(2G)–C(3G) 117.2(3) C(9G)–C(3G)–C(2G) 111.5(4) 
C(9G)–C(3G)–C(4G) 110.4(4) C(2G)–C(3G)–C(4G) 103.3(3) 
C(8G)–C(4G)–C(3G) 101.8(3) C(8G)–C(4G)–C(5G) 115.3(3) 
C(3G)–C(4G)–C(5G) 116.7(3) C(7G)–C(5G)–C(6G) 109.4(3) 
C(7G)–C(5G)–C(4G) 110.6(3) C(6G)–C(5G)–C(4G) 111.0(3) 
C(7G)–C(5G)–S(1G) 100.9(3) C(6G)–C(5G)–S(1G) 111.6(3) 
C(4G)–C(5G)–S(1G) 112.9(3) O(1G)–C(8G)–C(4G) 106.5(3) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw70. 
 
      x       y       z       U 
H(1A) 0.8483 0.8243 0.9528 0.035 
H(1B) 0.7635 0.8391 0.8885 0.035 
H(2) 0.7402 0.7172 0.9508 0.031 
H(3) 0.9191 0.6555 0.9460 0.032 
H(4) 0.8343 0.5303 0.8733 0.032 
H(6A) 1.0335 0.6369 0.9021 0.049 
H(6B) 1.0608 0.6138 0.8388 0.049 
H(6C) 1.0245 0.5405 0.8777 0.049 
H(7A) 0.8826 0.5016 0.7798 0.058 
H(7B) 0.9316 0.5736 0.7462 0.058 
H(7C) 0.8125 0.5768 0.7422 0.058 
H(8A) 0.7066 0.6198 0.7894 0.036 
H(8B) 0.6733 0.5698 0.8434 0.036 
H(9A) 0.7491 0.5575 0.9616 0.067 
H(9B) 0.8301 0.6056 1.0170 0.067 
H(9C) 0.8653 0.5258 0.9833 0.067 
H(1A1) 0.6649 0.5767 0.5457 0.038 
H(1A2) 0.7479 0.5853 0.6114 0.038 
H(2A) 0.7668 0.4669 0.5459 0.033 
H(3A) 0.5842 0.4109 0.5445 0.030 
H(4A) 0.6591 0.2792 0.6151 0.030 
H(6A1) 0.5941 0.2479 0.7051 0.054 
H(6A2) 0.5569 0.3238 0.7415 0.054 
H(6A3) 0.6752 0.3150 0.7444 0.054 
H(7A1) 0.4644 0.3948 0.5852 0.048 
H(7A2) 0.4315 0.3672 0.6459 0.048 
H(7A3) 0.4668 0.2964 0.6046 0.048 
H(8A1) 0.7857 0.3630 0.7038 0.037 
H(8A2) 0.8211 0.3128 0.6506 0.037 
H(9A1) 0.6806 0.3614 0.4763 0.056 
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H(9A2) 0.6345 0.2821 0.5047 0.056 
H(9A3) 0.7523 0.3072 0.5322 0.056 
H(1B1) 0.5099 0.6980 0.9190 0.037 
H(1B2) 0.4578 0.6785 0.8472 0.037 
H(2B) 0.5577 0.8090 0.8721 0.033 
H(3B) 0.4333 0.8624 0.9381 0.032 
H(4B) 0.3559 0.9810 0.8560 0.033 
H(6B1) 0.1705 0.9913 0.8104 0.067 
H(6B2) 0.0973 0.9124 0.8130 0.067 
H(6B3) 0.1663 0.9110 0.7655 0.067 
H(7B1) 0.2852 0.8741 0.9530 0.063 
H(7B2) 0.1662 0.8908 0.9213 0.063 
H(7B3) 0.2460 0.9677 0.9294 0.063 
H(8B1) 0.3124 0.8885 0.7568 0.039 
H(8B2) 0.4168 0.9423 0.7779 0.039 
H(9B1) 0.5963 0.9257 0.9461 0.063 
H(9B2) 0.5120 0.9995 0.9352 0.063 
H(9B3) 0.5534 0.9676 0.8786 0.063 
H(1C1)  −0.0214 0.4601 0.5624 0.042 
H(1C2) 0.0351 0.4188 0.6281 0.042 
H(2C)  −0.0546 0.5546 0.6285 0.033 
H(3C) 0.0732 0.6253 0.5700 0.034 
H(4C) 0.1606 0.7164 0.6672 0.033 
H(6C1) 0.3501 0.7079 0.7130 0.067 
H(6C2) 0.4124 0.6288 0.6968 0.067 
H(6C3) 0.3423 0.6163 0.7430 0.067 
H(7C1) 0.2213 0.6443 0.5548 0.051 
H(7C2) 0.3417 0.6473 0.5875 0.051 
H(7C3) 0.2712 0.7263 0.5944 0.051 
H(8C1) 0.1963 0.6003 0.7511 0.043 
H(8C2) 0.0937 0.6567 0.7371 0.043 
H(9C1)  −0.0368 0.7126 0.6451 0.075 
H(9C2)  −0.0854 0.6877 0.5735 0.075 
H(9C3) 0.0035 0.7576 0.5921 0.075 
H(8D1) 0.3065 0.3594 0.7570 0.055 
H(8D2) 0.4061 0.4194 0.7714 0.055 
H(1D1) 0.5394 0.2134 0.9363 0.039 
H(1D2) 0.4831 0.1756 0.8693 0.039 
H(2D) 0.5635 0.3152 0.8732 0.038 
H(3D) 0.4385 0.3723 0.9379 0.042 
H(4D) 0.3407 0.4688 0.8448 0.040 
H(6D1) 0.1470 0.4566 0.8085 0.084 
H(6D2) 0.0959 0.3666 0.8155 0.084 
H(6D3) 0.1647 0.3765 0.7683 0.084 
H(7D1) 0.2922 0.3807 0.9576 0.062 
H(7D2) 0.1712 0.3828 0.9269 0.062 
H(7D3) 0.2388 0.4649 0.9229 0.062 
H(9D1) 0.5907 0.4452 0.9345 0.100 
H(9D2) 0.4974 0.5111 0.9179 0.100 
H(9D3) 0.5394 0.4718 0.8636 0.100 
H(1E1) 0.8644 0.2898 0.9904 0.051 
H(1E2) 0.7836 0.3273 0.9303 0.051 
H(2E) 0.7527 0.1840 0.9668 0.045 
H(3E) 0.9249 0.1344 0.9427 0.041 
H(4E) 0.8240 0.0401 0.8499 0.037 
H(6E1) 1.0315 0.1281 0.8898 0.072 
H(6E2) 1.0471 0.1360 0.8216 0.072 
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H(6E3) 1.0059 0.0488 0.8429 0.072 
H(7E1) 0.8987 0.1532 0.7285 0.084 
H(7E2) 0.7850 0.1425 0.7347 0.084 
H(7E3) 0.8596 0.0618 0.7440 0.084 
H(8E1) 0.6935 0.1508 0.7919 0.037 
H(8E2) 0.6666 0.0853 0.8405 0.037 
H(9E1) 0.8344 0.0562 1.0053 0.099 
H(9E2) 0.8753  −0.0051 0.9601 0.099 
H(9E3) 0.7573 0.0217 0.9422 0.099 
H(1F1)  −0.0274  −0.0473 0.5845 0.042 
H(1F2) 0.0266  −0.0594 0.6570 0.042 
H(2F)  −0.0690 0.0725 0.6256 0.036 
H(3F) 0.0528 0.1082 0.5543 0.035 
H(4F) 0.1361 0.2356 0.6265 0.035 
H(6F1) 0.1978 0.1099 0.5357 0.055 
H(6F2) 0.3178 0.1258 0.5636 0.055 
H(6F3) 0.2404 0.2048 0.5514 0.055 
H(7F1) 0.3247 0.2434 0.6667 0.069 
H(7F2) 0.3935 0.1596 0.6710 0.069 
H(7F3) 0.3257 0.1727 0.7185 0.069 
H(8F1) 0.1814 0.1553 0.7312 0.046 
H(8F2) 0.0782 0.2103 0.7081 0.046 
H(9F1)  −0.1080 0.1778 0.5452 0.069 
H(9F2)  −0.0216 0.2475 0.5465 0.069 
H(9F3)  −0.0580 0.2303 0.6077 0.069 
H(1G1) 0.6337 1.0444 0.5174 0.041 
H(1G2) 0.7106 1.0836 0.5783 0.041 
H(2G) 0.7527 0.9441 0.5420 0.037 
H(3G) 0.5796 0.8844 0.5608 0.035 
H(4G) 0.6823 0.7907 0.6541 0.030 
H(6G1) 0.4993 0.7894 0.6552 0.052 
H(6G2) 0.4692 0.8719 0.6118 0.052 
H(6G3) 0.4505 0.8707 0.6795 0.052 
H(7G1) 0.5876 0.8849 0.7726 0.064 
H(7G2) 0.7039 0.8959 0.7714 0.064 
H(7G3) 0.6493 0.8048 0.7572 0.064 
H(8G1) 0.8031 0.9052 0.7164 0.037 
H(8G2) 0.8379 0.8437 0.6684 0.037 
H(9G1) 0.6787 0.8130 0.5008 0.074 
H(9G2) 0.6437 0.7479 0.5461 0.074 
H(9G3) 0.7583 0.7834 0.5645 0.074 
 
Table 5.  Torsion angles [°] for gw70. 
 
C(5)–S(1)–S(2)–O(3) 47.77(19) C(5)–S(1)–S(2)–O(2) 175.32(18) 
C(5)–S(1)–S(2)–C(1)  −70.6(2) O(3)–S(2)–C(1)–C(2)  −82.3(3) 
O(2)–S(2)–C(1)–C(2) 148.8(3) S(1)–S(2)–C(1)–C(2) 37.8(3) 
C(8)–O(1)–C(2)–C(1) 124.5(3) C(8)–O(1)–C(2)–C(3)  −3.9(4) 
S(2)–C(1)–C(2)–O(1)  −82.7(4) S(2)–C(1)–C(2)–C(3) 39.2(5) 
O(1)–C(2)–C(3)–C(9)  −97.8(4) C(1)–C(2)–C(3)–C(9) 139.4(4) 
O(1)–C(2)–C(3)–C(4) 22.6(4) C(1)–C(2)–C(3)–C(4)  −100.3(4) 
C(9)–C(3)–C(4)–C(8) 89.0(4) C(2)–C(3)–C(4)–C(8)  −30.9(4) 
C(9)–C(3)–C(4)–C(5)  −144.5(4) C(2)–C(3)–C(4)–C(5) 95.5(4) 
C(8)–C(4)–C(5)–C(6) 174.7(4) C(3)–C(4)–C(5)–C(6) 55.0(5) 
C(8)–C(4)–C(5)–C(7)  −64.9(5) C(3)–C(4)–C(5)–C(7) 175.4(4) 
C(8)–C(4)–C(5)–S(1) 47.9(4) C(3)–C(4)–C(5)–S(1)  −71.8(4) 
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S(2)–S(1)–C(5)–C(6)  −62.8(3) S(2)–S(1)–C(5)–C(7)  −178.7(2) 
S(2)–S(1)–C(5)–C(4) 63.9(3) C(2)–O(1)–C(8)–C(4)  −16.7(4) 
C(3)–C(4)–C(8)–O(1) 29.9(4) C(5)–C(4)–C(8)–O(1)  −98.3(4) 
C(5A)–S(1A)–S(2A)–O(3A) 49.05(19) C(5A)–S(1A)–S(2A)–O(2A)
 176.95(18) 
C(5A)–S(1A)–S(2A)–C(1A)  −69.4(2) O(3A)–S(2A)–C(1A)–C(2A)  −83.3(4) 
O(2A)–S(2A)–C(1A)–C(2A) 147.6(3) S(1A)–S(2A)–C(1A)–C(2A) 37.2(4) 
C(8A)–O(1A)–C(2A)–C(1A) 123.4(3) C(8A)–O(1A)–C(2A)–C(3A)  −5.6(4) 
S(2A)–C(1A)–C(2A)–O(1A)  −82.9(4) S(2A)–C(1A)–C(2A)–C(3A) 39.4(5) 
O(1A)–C(2A)–C(3A)–C(9A)  −96.1(4) C(1A)–C(2A)–C(3A)–C(9A) 140.7(4) 
O(1A)–C(2A)–C(3A)–C(4A) 23.0(4) C(1A)–C(2A)–C(3A)–C(4A)  
−100.2(4) 
C(2A)–C(3A)–C(4A)–C(8A)  −30.3(4) C(9A)–C(3A)–C(4A)–C(8A) 89.0(4) 
C(2A)–C(3A)–C(4A)–C(5A) 95.9(4) C(9A)–C(3A)–C(4A)–C(5A)  
−144.7(4) 
C(8A)–C(4A)–C(5A)–C(7A) 173.6(3) C(3A)–C(4A)–C(5A)–C(7A) 54.8(5) 
C(8A)–C(4A)–C(5A)–C(6A)  −65.2(4) C(3A)–C(4A)–C(5A)–C(6A) 175.9(3) 
C(8A)–C(4A)–C(5A)–S(1A) 46.3(4) C(3A)–C(4A)–C(5A)–S(1A)  −72.6(4) 
S(2A)–S(1A)–C(5A)–C(7A)  −63.2(3) S(2A)–S(1A)–C(5A)–C(4A) 64.7(3) 
S(2A)–S(1A)–C(5A)–C(6A)  −178.7(2) C(2A)–O(1A)–C(8A)–C(4A)  −14.8(4) 
C(5A)–C(4A)–C(8A)–O(1A)  −99.0(4) C(3A)–C(4A)–C(8A)–O(1A) 28.1(4) 
C(5B)–S(1B)–S(2B)–O(3B) 46.5(2) C(5B)–S(1B)–S(2B)–O(2B) 174.3(2) 
C(5B)–S(1B)–S(2B)–C(1B)  −71.5(2) O(3B)–S(2B)–C(1B)–C(2B)  −79.8(3) 
O(2B)–S(2B)–C(1B)–C(2B) 150.7(3) S(1B)–S(2B)–C(1B)–C(2B) 40.2(4) 
C(8B)–O(1B)–C(2B)–C(1B) 128.9(3) C(8B)–O(1B)–C(2B)–C(3B) 0.8(4) 
S(2B)–C(1B)–C(2B)–O(1B)  −83.2(4) S(2B)–C(1B)–C(2B)–C(3B) 38.0(5) 
O(1B)–C(2B)–C(3B)–C(9B)  −99.5(4) C(1B)–C(2B)–C(3B)–C(9B) 138.9(4) 
O(1B)–C(2B)–C(3B)–C(4B) 19.6(4) C(1B)–C(2B)–C(3B)–C(4B)  
−101.9(4) 
C(9B)–C(3B)–C(4B)–C(8B) 88.3(4) C(2B)–C(3B)–C(4B)–C(8B)  −30.9(4) 
C(9B)–C(3B)–C(4B)–C(5B)  −145.7(4) C(2B)–C(3B)–C(4B)–C(5B) 95.1(4) 
C(8B)–C(4B)–C(5B)–C(7B) 177.4(4) C(3B)–C(4B)–C(5B)–C(7B) 58.1(5) 
C(8B)–C(4B)–C(5B)–C(6B)  −62.0(5) C(3B)–C(4B)–C(5B)–C(6B) 178.7(4) 
C(8B)–C(4B)–C(5B)–S(1B) 50.0(4) C(3B)–C(4B)–C(5B)–S(1B)  −69.3(4) 
S(2B)–S(1B)–C(5B)–C(7B)  −65.0(3) S(2B)–S(1B)–C(5B)–C(4B) 62.3(3) 
S(2B)–S(1B)–C(5B)–C(6B)  −179.9(2) C(2B)–O(1B)–C(8B)–C(4B)  −21.5(4) 
C(5B)–C(4B)–C(8B)–O(1B)  −95.0(4) C(3B)–C(4B)–C(8B)–O(1B) 32.6(4) 
C(5C)–S(1C)–S(2C)–O(2C) 171.8(2) C(5C)–S(1C)–S(2C)–O(3C) 45.1(2) 
C(5C)–S(1C)–S(2C)–C(1C)  −73.4(2) O(2C)–S(2C)–C(1C)–C(2C) 154.3(3) 
O(3C)–S(2C)–C(1C)–C(2C)  −77.7(4) S(1C)–S(2C)–C(1C)–C(2C) 42.8(4) 
C(8C)–O(1C)–C(2C)–C(1C) 131.8(3) C(8C)–O(1C)–C(2C)–C(3C) 4.8(4) 
S(2C)–C(1C)–C(2C)–O(1C)  −84.0(4) S(2C)–C(1C)–C(2C)–C(3C) 35.9(5) 
O(1C)–C(2C)–C(3C)–C(4C) 18.0(4) C(1C)–C(2C)–C(3C)–C(4C)  
−103.0(4) 
O(1C)–C(2C)–C(3C)–C(9C)  −102.9(4) C(1C)–C(2C)–C(3C)–C(9C) 136.2(4) 
C(9C)–C(3C)–C(4C)–C(8C) 87.7(4) C(2C)–C(3C)–C(4C)–C(8C)  
−31.9(4) 
C(9C)–C(3C)–C(4C)–C(5C)  −145.3(4) C(2C)–C(3C)–C(4C)–C(5C) 95.1(4) 
C(8C)–C(4C)–C(5C)–C(7C) 179.4(3) C(3C)–C(4C)–C(5C)–C(7C) 59.7(5) 
C(8C)–C(4C)–C(5C)–C(6C)  −59.1(5) C(3C)–C(4C)–C(5C)–C(6C)  
−178.9(4) 
C(8C)–C(4C)–C(5C)–S(1C) 53.3(4) C(3C)–C(4C)–C(5C)–S(1C) −66.5(4) 
S(2C)–S(1C)–C(5C)–C(7C)  −65.8(3) S(2C)–S(1C)–C(5C)–C(6C) 179.2(2) 
S(2C)–S(1C)–C(5C)–C(4C) 60.8(3) C(2C)–O(1C)–C(8C)–C(4C)  
−25.9(4) 
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C(3C)–C(4C)–C(8C)–O(1C) 35.8(4) C(5C)–C(4C)–C(8C)–O(1C)  
−92.4(4) 
C(5D)–S(1D)–S(2D)–O(2D) 173.1(2) C(5D)–S(1D)–S(2D)–O(3D) 45.2(2) 
C(5D)–S(1D)–S(2D)–C(1D)  −72.5(2) O(2D)–S(2D)–C(1D)–C(2D) 153.4(3) 
O(3D)–S(2D)–C(1D)–C(2D)  −78.0(4) S(1D)–S(2D)–C(1D)–C(2D) 41.6(4) 
S(2D)–C(1D)–C(2D)–O(1D)  −84.0(4) S(2D)–C(1D)–C(2D)–C(3D) 37.4(5) 
O(1D)–C(2D)–C(3D)–C(9D)  −102.1(4) C(1D)–C(2D)–C(3D)–C(9D) 136.4(4) 
O(1D)–C(2D)–C(3D)–C(4D) 17.9(4) C(1D)–C(2D)–C(3D)–C(4D)  
−103.6(4) 
O(1D)–C(8D)–C(4D)–C(5D)  −91.2(5) O(1D)–C(8D)–C(4D)–C(3D) 35.6(5) 
C(9D)–C(3D)–C(4D)–C(8D) 88.1(5) C(2D)–C(3D)–C(4D)–C(8D)  
−31.6(4) 
C(9D)–C(3D)–C(4D)–C(5D)  −145.0(4) C(2D)–C(3D)–C(4D)–C(5D) 95.3(4) 
C(8D)–C(4D)–C(5D)–C(7D) 178.5(4) C(3D)–C(4D)–C(5D)–C(7D) 59.6(5) 
C(8D)–C(4D)–C(5D)–C(6D)  −61.4(5) C(3D)–C(4D)–C(5D)–C(6D) 179.7(4) 
C(8D)–C(4D)–C(5D)–S(1D) 50.7(5) C(3D)–C(4D)–C(5D)–S(1D) −68.2(5) 
S(2D)–S(1D)–C(5D)–C(4D) 62.3(3) S(2D)–S(1D)–C(5D)–C(7D)  −66.2(3) 
S(2D)–S(1D)–C(5D)–C(6D)  −179.9(2) C(4D)–C(8D)–O(1D)–C(2D)  
−25.7(5) 
C(1D)–C(2D)–O(1D)–C(8D) 132.2(4) C(3D)–C(2D)–O(1D)–C(8D) 4.3(4) 
C(5E)–S(1E)–S(2E)–O(3E) 46.2(2) C(5E)–S(1E)–S(2E)–O(2E) 173.5(2) 
C(5E)–S(1E)–S(2E)–C(1E)  −72.7(2) O(3E)–S(2E)–C(1E)–C(2E)  −77.3(4) 
O(2E)–S(2E)–C(1E)–C(2E) 154.3(4) S(1E)–S(2E)–C(1E)–C(2E) 43.5(4) 
C(8E)–O(1E)–C(2E)–C(1E) 130.5(4) C(8E)–O(1E)–C(2E)–C(3E) 2.9(5) 
S(2E)–C(1E)–C(2E)–O(1E)  −86.5(4) S(2E)–C(1E)–C(2E)–C(3E) 34.8(5) 
O(1E)–C(2E)–C(3E)–C(4E) 18.6(4) C(1E)–C(2E)–C(3E)–C(4E)  
−102.9(4) 
O(1E)–C(2E)–C(3E)–C(9E)  −101.5(4) C(1E)–C(2E)–C(3E)–C(9E) 136.9(4) 
C(2E)–C(3E)–C(4E)–C(8E)  −31.2(4) C(9E)–C(3E)–C(4E)–C(8E) 89.3(5) 
C(2E)–C(3E)–C(4E)–C(5E) 95.8(4) C(9E)–C(3E)–C(4E)–C(5E)  
−143.7(4) 
C(8E)–C(4E)–C(5E)–C(6E) 178.6(4) C(3E)–C(4E)–C(5E)–C(6E) 59.3(5) 
C(8E)–C(4E)–C(5E)–C(7E)  −59.2(5) C(3E)–C(4E)–C(5E)–C(7E)  
−178.6(4) 
C(8E)–C(4E)–C(5E)–S(1E) 52.8(4) C(3E)–C(4E)–C(5E)–S(1E)  −66.6(5) 
S(2E)–S(1E)–C(5E)–C(6E)  −65.5(3) S(2E)–S(1E)–C(5E)–C(4E) 60.9(3) 
S(2E)–S(1E)–C(5E)–C(7E) 179.0(2) C(2E)–O(1E)–C(8E)–C(4E)  −23.8(4) 
C(3E)–C(4E)–C(8E)–O(1E) 34.2(4) C(5E)–C(4E)–C(8E)–O(1E)  −93.2(4) 
C(5F)–S(1F)–S(2F)–O(3F) 47.0(2) C(5F)–S(1F)–S(2F)–O(2F) 174.7(2) 
C(5F)–S(1F)–S(2F)–C(1F)  −71.4(2) O(3F)–S(2F)–C(1F)–C(2F)  −81.0(4) 
O(2F)–S(2F)–C(1F)–C(2F) 149.8(3) S(1F)–S(2F)–C(1F)–C(2F) 39.6(4) 
C(8F)–O(1F)–C(2F)–C(3F) 1.6(4) C(8F)–O(1F)–C(2F)–C(1F) 129.1(4) 
S(2F)–C(1F)–C(2F)–O(1F)  −82.5(4) S(2F)–C(1F)–C(2F)–C(3F) 38.4(5) 
O(1F)–C(2F)–C(3F)–C(4F) 18.8(4) C(1F)–C(2F)–C(3F)–C(4F)  
−102.4(4) 
O(1F)–C(2F)–C(3F)–C(9F)  −100.5(4) C(1F)–C(2F)–C(3F)–C(9F) 138.4(4) 
C(2F)–C(3F)–C(4F)–C(8F)  −30.0(4) C(9F)–C(3F)–C(4F)–C(8F) 89.7(4) 
C(2F)–C(3F)–C(4F)–C(5F) 95.1(4) C(9F)–C(3F)–C(4F)–C(5F)  
−145.3(4) 
C(8F)–C(4F)–C(5F)–C(6F) 175.8(4) C(3F)–C(4F)–C(5F)–C(6F) 58.1(5) 
C(8F)–C(4F)–C(5F)–C(7F)  −63.1(5) C(3F)–C(4F)–C(5F)–C(7F) 179.1(4) 
C(8F)–C(4F)–C(5F)–S(1F) 49.4(4) C(3F)–C(4F)–C(5F)–S(1F)  −68.3(4) 
S(2F)–S(1F)–C(5F)–C(6F)  −64.1(3) S(2F)–S(1F)–C(5F)–C(7F)  
−179.9(2) 
S(2F)–S(1F)–C(5F)–C(4F) 62.2(3) C(2F)–O(1F)–C(8F)–C(4F)  −21.9(5) 
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C(3F)–C(4F)–C(8F)–O(1F) 32.3(4) C(5F)–C(4F)–C(8F)–O(1F)  −94.4(4) 
C(5G)–S(1G)–S(2G)–O(2G) 173.2(2) C(5G)–S(1G)–S(2G)–O(3G)
 46.43(19) 
C(5G)–S(1G)–S(2G)–C(1G)  −72.6(2) O(2G)–S(2G)–C(1G)–C(2G) 153.5(3) 
O(3G)–S(2G)–C(1G)–C(2G)  −78.4(4) S(1G)–S(2G)–C(1G)–C(2G) 42.5(4) 
C(8G)–O(1G)–C(2G)–C(1G) 130.3(3) C(8G)–O(1G)–C(2G)–C(3G) 3.3(4) 
S(2G)–C(1G)–C(2G)–O(1G)  −84.9(4) S(2G)–C(1G)–C(2G)–C(3G) 35.9(5) 
O(1G)–C(2G)–C(3G)–C(9G)  −100.6(4) C(1G)–C(2G)–C(3G)–C(9G) 138.1(4) 
O(1G)–C(2G)–C(3G)–C(4G) 17.9(4) C(1G)–C(2G)–C(3G)–C(4G)  
−103.4(4) 
C(9G)–C(3G)–C(4G)–C(8G) 88.8(4) C(2G)–C(3G)–C(4G)–C(8G)  
−30.5(4) 
C(9G)–C(3G)–C(4G)–C(5G)  −144.7(4) C(2G)–C(3G)–C(4G)–C(5G) 96.0(4) 
C(8G)–C(4G)–C(5G)–C(7G)  −59.6(5) C(3G)–C(4G)–C(5G)–C(7G)  
−179.0(4) 
C(8G)–C(4G)–C(5G)–C(6G) 178.8(3) C(3G)–C(4G)–C(5G)–C(6G) 59.4(5) 
C(8G)–C(4G)–C(5G)–S(1G) 52.6(4) C(3G)–C(4G)–C(5G)–S(1G)  
−66.8(4) 
S(2G)–S(1G)–C(5G)–C(7G) 179.0(2) S(2G)–S(1G)–C(5G)–C(6G)  
−64.9(3) 
S(2G)–S(1G)–C(5G)–C(4G) 60.9(3) C(2G)–O(1G)–C(8G)–C(4G)  
−23.7(4) 
C(3G)–C(4G)–C(8G)–O(1G) 33.7(4) C(5G)–C(4G)–C(8G)–O(1G)  
−93.6(4) 
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5.14 X-Ray diffraction data for structure 206 
 
 
 
Table 1.  Crystal data and structure refinement for gw72. 
 
Identification code  gw72 
Chemical formula  C12H16O3S 
Formula weight  240.31 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  monoclinic, P21/n 
Unit cell parameters a = 5.9813(2) Å α = 90° 
 b = 15.1781(5) Å β = 96.4454(5)° 
 c = 13.2296(5) Å γ = 90° 
Cell volume 1193.45(7) Å3 
Z 4 
Calculated density  1.337 g/cm3 
Absorption coefficient μ 0.261 mm−1 
F(000) 512 
Crystal colour and size colourless, 0.53 × 0.27 × 0.23 mm3 
Reflections for cell refinement 7485 (θ range 2.68 to 30.52°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
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θ range for data collection 2.05 to 30.57° 
Index ranges h −8 to 8, k −21 to 21, l −18 to 18 
Completeness to θ = 30.57° 98.5 %  
Intensity decay 0% 
Reflections collected 13691 
Independent reflections 3616 (Rint = 0.0181) 
Reflections with F2>2σ 3260 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.874 and 0.943 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0562, 0.3216 
Data / restraints / parameters 3616 / 0 / 148 
Final R indices [F2>2σ] R1 = 0.0325, wR2 = 0.0921 
R indices (all data) R1 = 0.0358, wR2 = 0.0951 
Goodness-of-fit on F2 1.037 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.473 and −0.291 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw72.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
C(1) 0.16754(18) 0.75921(6) 0.29126(8) 0.02128(19) 
C(2)  −0.04617(17) 0.72301(7) 0.32647(7) 0.02111(19) 
C(3)  −0.01662(15) 0.67850(6) 0.43133(7) 0.01734(17) 
C(4)  −0.24746(17) 0.65319(7) 0.46137(8) 0.0248(2) 
C(5) 0.13354(17) 0.59666(7) 0.42997(8) 0.0233(2) 
C(6)  −0.01758(17) 0.85214(6) 0.51235(8) 0.02153(19) 
C(7) 0.07066(17) 0.91754(6) 0.59273(7) 0.01979(18) 
C(8)  −0.06007(19) 0.94290(7) 0.66807(8) 0.0255(2) 
C(9) 0.0178(2) 1.00655(7) 0.73934(9) 0.0318(2) 
C(10) 0.2277(2) 1.04430(7) 0.73642(9) 0.0329(3) 
C(11) 0.3604(2) 1.01848(7) 0.66211(10) 0.0320(2) 
C(12) 0.28299(18) 0.95505(7) 0.59064(9) 0.0259(2) 
O(1) 0.17261(16) 0.75175(6) 0.19237(6) 0.0308(2) 
O(2) 0.31684(15) 0.79234(6) 0.34851(6) 0.0330(2) 
O(3) 0.06077(13) 0.71205(5) 0.63134(5) 0.02351(16) 
S(1) 0.13369(4) 0.748670(14) 0.533260(17) 0.01651(8) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw72. 
 
C(1)–O(2)  1.2133(13) C(1)–O(1)  1.3169(12) 
C(1)–C(2)  1.5121(14) C(2)–C(3)  1.5353(13) 
C(3)–C(4)  1.5281(13) C(3)–C(5)  1.5342(13) 
C(3)–S(1)  1.8678(9) C(6)–C(7)  1.5063(13) 
C(6)–S(1)  1.8181(10) C(7)–C(8)  1.3885(14) 
C(7)–C(12)  1.3949(15) C(8)–C(9)  1.3931(16) 
C(9)–C(10)  1.3846(19) C(10)–C(11)  1.387(2) 
C(11)–C(12)  1.3917(16) O(3)–S(1)  1.5197(7) 
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O(2)–C(1)–O(1) 123.94(10) O(2)–C(1)–C(2) 123.15(9) 
O(1)–C(1)–C(2) 112.91(9) C(1)–C(2)–C(3) 115.00(8) 
C(4)–C(3)–C(5) 110.28(8) C(4)–C(3)–C(2) 109.26(8) 
C(5)–C(3)–C(2) 110.73(8) C(4)–C(3)–S(1) 109.35(6) 
C(5)–C(3)–S(1) 103.60(6) C(2)–C(3)–S(1) 113.50(7) 
C(7)–C(6)–S(1) 109.45(7) C(8)–C(7)–C(12) 119.24(9) 
C(8)–C(7)–C(6) 120.56(9) C(12)–C(7)–C(6) 120.18(9) 
C(7)–C(8)–C(9) 120.38(11) C(10)–C(9)–C(8) 120.21(11) 
C(9)–C(10)–C(11) 119.71(10) C(10)–C(11)–C(12) 120.25(11) 
C(11)–C(12)–C(7) 120.19(11) O(3)–S(1)–C(6) 105.08(5) 
O(3)–S(1)–C(3) 104.29(4) C(6)–S(1)–C(3) 101.05(4) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw72. 
 
      x       y       z       U 
 
H(2A)  −0.1119 0.6797 0.2757 0.025 
H(2B)  −0.1553 0.7719 0.3282 0.025 
H(4A)  −0.3409 0.7061 0.4629 0.037 
H(4B)  −0.2294 0.6258 0.5289 0.037 
H(4C)  −0.3201 0.6114 0.4116 0.037 
H(5A) 0.1594 0.5717 0.4986 0.035 
H(5B) 0.2779 0.6132 0.4070 0.035 
H(5C) 0.0592 0.5527 0.3834 0.035 
H(6A) 0.0027 0.8755 0.4441 0.026 
H(6B)  −0.1803 0.8423 0.5154 0.026 
H(8)  −0.2034 0.9167 0.6710 0.031 
H(9)  −0.0735 1.0241 0.7901 0.038 
H(10) 0.2806 1.0877 0.7851 0.040 
H(11) 0.5046 1.0442 0.6600 0.038 
H(12) 0.3751 0.9373 0.5403 0.031 
H(1) 0.2986 0.7683 0.1772 0.046 
 
Table 5.  Torsion angles [°] for gw72. 
 
O(2)–C(1)–C(2)–C(3)  −35.90(14) O(1)–C(1)–C(2)–C(3) 144.80(9) 
C(1)–C(2)–C(3)–C(4) 174.61(8) C(1)–C(2)–C(3)–C(5)  −63.72(11) 
C(1)–C(2)–C(3)–S(1) 52.30(10) S(1)–C(6)–C(7)–C(8)  −109.55(9) 
S(1)–C(6)–C(7)–C(12) 72.11(10) C(12)–C(7)–C(8)–C(9) 1.47(15) 
C(6)–C(7)–C(8)–C(9)  −176.89(10) C(7)–C(8)–C(9)–C(10)  −0.83(17) 
C(8)–C(9)–C(10)–C(11) 0.03(17) C(9)–C(10)–C(11)–C(12) 0.12(17) 
C(10)–C(11)–C(12)–C(7) 0.53(16) C(8)–C(7)–C(12)–C(11)  −1.32(15) 
C(6)–C(7)–C(12)–C(11) 177.05(9) C(7)–C(6)–S(1)–O(3) 68.28(8) 
C(7)–C(6)–S(1)–C(3) 176.53(7) C(4)–C(3)–S(1)–O(3) 34.88(8) 
C(5)–C(3)–S(1)–O(3)  −82.70(7) C(2)–C(3)–S(1)–O(3) 157.15(7) 
C(4)–C(3)–S(1)–C(6)  −73.98(8) C(5)–C(3)–S(1)–C(6) 168.44(7) 
C(2)–C(3)–S(1)–C(6) 48.29(8)  
 
Table 6.  Hydrogen bonds for gw72 [Å and °]. 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA) 
 
O(1)–H(1)...O(3A) 0.84 1.77 2.6010(12) 170.5 
 
Symmetry operations for equivalent atoms 
A   x+1/2,−y+3/2,z−1/2        
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5.15 X-Ray diffraction data for structure 237 
 
 
 
Table 1.  Crystal data and structure refinement for gw73. 
 
Identification code  gw73 
Chemical formula  C9H14O2S2 
Formula weight  218.32 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  orthorhombic, P212121 
Unit cell parameters a = 7.6927(5) Å α = 90° 
 b = 10.0298(7) Å β = 90° 
 c = 13.6945(10) Å γ = 90° 
Cell volume 1056.62(13) Å3 
Z 4 
Calculated density  1.372 g/cm3 
Absorption coefficient μ 0.470 mm−1 
F(000) 464 
Crystal colour and size colourless, 0.45 × 0.31 × 0.21 mm3 
Reflections for cell refinement 6213 (θ range 2.52 to 30.51°) 
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Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.52 to 31.59° 
Index ranges h −10 to 10, k −14 to 14, l −19 to 19 
Completeness to θ = 30.00° 99.9 %  
Intensity decay 0% 
Reflections collected 12398 
Independent reflections 3311 (Rint = 0.0221) 
Reflections with F2>2σ 3112 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.816 and 0.908 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0422, 0.0728 
Data / restraints / parameters 3311 / 0 / 121 
Final R indices [F2>2σ] R1 = 0.0250, wR2 = 0.0634 
R indices (all data) R1 = 0.0277, wR2 = 0.0649 
Goodness-of-fit on F2 0.988 
Absolute structure parameter  −0.03(5) 
Largest and mean shift/su 0.001 and 0.000 
Largest diff. peak and hole 0.275 and −0.141 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters (Å2) 
for gw73.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
C(1) 0.48304(15) 0.54902(12) 0.74683(9) 0.0238(2) 
C(2) 0.59722(16) 0.45457(11) 0.80603(8) 0.02047(19) 
C(3) 0.53195(16) 0.47511(12) 0.91090(9) 0.0239(2) 
C(4) 0.45071(16) 0.61540(12) 0.90700(9) 0.0257(2) 
C(5) 0.56850(17) 0.73219(12) 0.93180(9) 0.0274(2) 
C(6) 0.3946(2) 0.37162(14) 0.93881(11) 0.0381(3) 
C(7) 0.79605(15) 0.46692(12) 0.78927(8) 0.0231(2) 
C(8) 0.88331(19) 0.33861(13) 0.82641(11) 0.0343(3) 
C(9) 0.84280(19) 0.49181(16) 0.68258(10) 0.0343(3) 
O(1) 0.46095(14) 0.55280(9) 0.66003(7) 0.0338(2) 
O(2) 0.39034(12) 0.62984(9) 0.80726(6) 0.02808(18) 
S(1) 0.74579(4) 0.76019(3) 0.84728(2) 0.02695(7) 
S(2) 0.89660(4) 0.59636(3) 0.86638(2) 0.02754(7) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw73. 
 
C(1)–O(1)  1.2014(15) C(1)–O(2)  1.3604(15) 
C(1)–C(2)  1.5252(16) C(2)–C(3)  1.5352(16) 
C(2)–C(7)  1.5516(17) C(3)–C(6)  1.5294(18) 
C(3)–C(4)  1.5406(17) C(4)–O(2)  1.4499(15) 
C(4)–C(5)  1.5194(18) C(5)–S(1)  1.8107(13) 
C(7)–C(9)  1.5253(17) C(7)–C(8)  1.5380(17) 
C(7)–S(2)  1.8436(12) S(1)–S(2)  2.0284(4) 
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O(1)–C(1)–O(2) 120.60(11) O(1)–C(1)–C(2) 128.83(11) 
O(2)–C(1)–C(2) 110.40(10) C(1)–C(2)–C(3) 103.04(9) 
C(1)–C(2)–C(7) 116.07(9) C(3)–C(2)–C(7) 116.75(10) 
C(6)–C(3)–C(2) 111.63(10) C(6)–C(3)–C(4) 110.39(11) 
C(2)–C(3)–C(4) 102.87(9) O(2)–C(4)–C(5) 108.94(10) 
O(2)–C(4)–C(3) 104.70(9) C(5)–C(4)–C(3) 117.03(10) 
C(4)–C(5)–S(1) 115.21(8) C(9)–C(7)–C(8) 110.54(11) 
C(9)–C(7)–C(2) 112.78(10) C(8)–C(7)–C(2) 108.33(10) 
C(9)–C(7)–S(2) 109.54(9) C(8)–C(7)–S(2) 102.52(8) 
C(2)–C(7)–S(2) 112.65(8) C(1)–O(2)–C(4) 110.22(9) 
C(5)–S(1)–S(2) 102.87(4) C(7)–S(2)–S(1) 104.87(4) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for gw73. 
 
      x       y       z       U 
 
H(2) 0.5638 0.3619 0.7867 0.025 
H(3) 0.6312 0.4730 0.9580 0.029 
H(4) 0.3478 0.6175 0.9516 0.031 
H(5A) 0.6179 0.7174 0.9977 0.033 
H(5B) 0.4969 0.8141 0.9348 0.033 
H(6A) 0.2977 0.3760 0.8925 0.057 
H(6B) 0.3519 0.3902 1.0048 0.057 
H(6C) 0.4464 0.2824 0.9370 0.057 
H(8A) 1.0099 0.3496 0.8250 0.052 
H(8B) 0.8502 0.2637 0.7844 0.052 
H(8C) 0.8455 0.3208 0.8935 0.052 
H(9A) 0.7879 0.4237 0.6416 0.052 
H(9B) 0.9693 0.4875 0.6746 0.052 
H(9C) 0.8013 0.5802 0.6630 0.052 
 
Table 5.  Torsion angles [°] for gw73. 
 
O(1)–C(1)–C(2)–C(3)  −165.16(13) O(2)–C(1)–C(2)–C(3) 10.04(13) 
O(1)–C(1)–C(2)–C(7) 65.97(17) O(2)–C(1)–C(2)–C(7)  −118.83(11) 
C(1)–C(2)–C(3)–C(6) 94.66(12) C(7)–C(2)–C(3)–C(6)  −136.89(11) 
C(1)–C(2)–C(3)–C(4)  −23.70(11) C(7)–C(2)–C(3)–C(4) 104.74(11) 
C(6)–C(3)–C(4)–O(2)  −89.59(12) C(2)–C(3)–C(4)–O(2) 29.64(11) 
C(6)–C(3)–C(4)–C(5) 149.70(11) C(2)–C(3)–C(4)–C(5)  −91.07(12) 
O(2)–C(4)–C(5)–S(1)  −53.03(12) C(3)–C(4)–C(5)–S(1) 65.42(13) 
C(1)–C(2)–C(7)–C(9)  −38.82(14) C(3)–C(2)–C(7)–C(9)  −160.68(10) 
C(1)–C(2)–C(7)–C(8)  −161.51(10) C(3)–C(2)–C(7)–C(8) 76.64(13) 
C(1)–C(2)–C(7)–S(2) 85.81(10) C(3)–C(2)–C(7)–S(2)  −36.04(13) 
O(1)–C(1)–O(2)–C(4)  −174.97(11) C(2)–C(1)–O(2)–C(4) 9.37(13) 
C(5)–C(4)–O(2)–C(1) 101.08(11) C(3)–C(4)–O(2)–C(1)  −24.86(12) 
C(4)–C(5)–S(1)–S(2)  −66.66(9) C(9)–C(7)–S(2)–S(1) 76.86(9) 
C(8)–C(7)–S(2)–S(1)  −165.75(7) C(2)–C(7)–S(2)–S(1)  −49.53(8) 
C(5)–S(1)–S(2)–C(7) 82.91(6)  
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5.16 X-Ray diffraction data for structure 230 
 
 
 
Table 1.  Crystal data and structure refinement for gw74. 
 
Identification code  gw74 
Chemical formula  C9H16O4 
Formula weight  188.22 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  orthorhombic, P212121 
Unit cell parameters a = 7.1768(12) Å α = 90° 
 b = 9.8151(17) Å β = 90° 
 c = 14.577(3) Å γ = 90° 
Cell volume 1026.8(3) Å3 
Z 4 
Calculated density  1.218 g/cm3 
Absorption coefficient μ 0.095 mm−1 
F(000) 408 
Crystal colour and size colourless, 1.02 × 0.54 × 0.16 mm3 
Reflections for cell refinement 6072 (θ range 2.50 to 31.26°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.50 to 31.51° 
Index ranges h −10 to 10, k −14 to 13, l −21 to 21 
Completeness to θ = 30.00° 99.9 %  
Intensity decay 0% 
Reflections collected 12030 
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Independent reflections 1898 (Rint = 0.0217) 
Reflections with F2>2σ 1793 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.910 and 0.985 
Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0641, 0.0447 
Data / restraints / parameters 1898 / 0 / 127 
Final R indices [F2>2σ] R1 = 0.0323, wR2 = 0.0876 
R indices (all data) R1 = 0.0344, wR2 = 0.0900 
Goodness-of-fit on F2 1.047 
Largest and mean shift/su 0.000 and 0.000 
Largest diff. peak and hole 0.307 and −0.129 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters 
(Å2) 
for gw74.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
 
C(1) 0.68060(16) 0.64258(10) 0.42397(9) 0.0287(2) 
C(2) 0.53354(15) 0.54783(10) 0.46334(7) 0.02227(19) 
C(3) 0.63269(14) 0.47636(10) 0.54325(7) 0.02310(19) 
C(4) 0.80537(16) 0.56522(11) 0.56092(8) 0.0270(2) 
C(5) 0.98198(16) 0.48753(12) 0.58181(9) 0.0321(2) 
C(6) 0.51641(19) 0.45809(18) 0.62970(8) 0.0415(3) 
C(7) 0.44879(14) 0.45167(10) 0.38986(7) 0.02342(19) 
C(8) 0.59938(18) 0.38548(13) 0.33040(8) 0.0324(2) 
C(9) 0.30591(18) 0.52659(13) 0.33133(9) 0.0367(3) 
O(1) 0.67301(15) 0.71026(9) 0.35510(7) 0.0420(2) 
O(2) 0.83366(12) 0.64563(8) 0.47812(6) 0.0323(2) 
O(3) 1.02536(12) 0.39063(9) 0.51253(7) 0.0328(2) 
O(4) 0.35847(11) 0.34074(7) 0.43639(6) 0.02617(17) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw74. 
 
C(1)–O(1)  1.2050(14) C(1)–O(2)  1.3530(14) 
C(1)–C(2)  1.5193(14) C(2)–C(3)  1.5347(14) 
C(2)–C(7)  1.5518(14) C(3)–C(6)  1.5221(16) 
C(3)–C(4)  1.5372(15) C(4)–O(2)  1.4563(14) 
C(4)–C(5)  1.5101(15) C(5)–O(3)  1.4217(15) 
C(7)–O(4)  1.4372(12) C(7)–C(9)  1.5233(15) 
C(7)–C(8)  1.5302(15)  
O(1)–C(1)–O(2) 120.70(11) O(1)–C(1)–C(2) 128.37(11) 
O(2)–C(1)–C(2) 110.92(9) C(1)–C(2)–C(3) 104.15(9) 
C(1)–C(2)–C(7) 112.57(9) C(3)–C(2)–C(7) 115.32(8) 
C(6)–C(3)–C(2) 115.35(10) C(6)–C(3)–C(4) 111.72(10) 
C(2)–C(3)–C(4) 103.98(8) O(2)–C(4)–C(5) 108.89(10) 
O(2)–C(4)–C(3) 106.32(9) C(5)–C(4)–C(3) 115.09(9) 
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O(3)–C(5)–C(4) 112.23(10) O(4)–C(7)–C(9) 109.05(9) 
O(4)–C(7)–C(8) 105.32(8) C(9)–C(7)–C(8) 111.29(10) 
O(4)–C(7)–C(2) 108.17(8) C(9)–C(7)–C(2) 110.91(9) 
C(8)–C(7)–C(2) 111.86(9) C(1)–O(2)–C(4) 111.00(9) 
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for 
gw74. 
 
      x       y       z       U 
 
H(2) 0.4308 0.6049 0.4892 0.027 
H(3A) 0.6751 0.3846 0.5220 0.028 
H(4A) 0.7783 0.6283 0.6131 0.032 
H(5A) 1.0866 0.5527 0.5878 0.039 
H(5B) 0.9677 0.4399 0.6412 0.039 
H(6A) 0.4706 0.5470 0.6503 0.062 
H(6B) 0.5934 0.4172 0.6779 0.062 
H(6C) 0.4104 0.3983 0.6165 0.062 
H(8A) 0.5412 0.3219 0.2872 0.049 
H(8B) 0.6871 0.3359 0.3697 0.049 
H(8C) 0.6663 0.4562 0.2963 0.049 
H(9A) 0.2038 0.5587 0.3704 0.055 
H(9B) 0.2566 0.4646 0.2845 0.055 
H(9C) 0.3654 0.6047 0.3014 0.055 
H(3) 0.966(3) 0.322(2) 0.5247(13) 0.049 
H(4) 0.254(3) 0.3700(18) 0.4590(11) 0.039 
 
Table 5.  Torsion angles [°] for gw74. 
 
O(1)–C(1)–C(2)–C(3) 172.40(12) O(2)–C(1)–C(2)–C(3)  −8.21(11) 
O(1)–C(1)–C(2)–C(7) 46.78(15) O(2)–C(1)–C(2)–C(7)−133.83(10) 
C(1)–C(2)–C(3)–C(6) 138.98(11) C(7)–C(2)–C(3)–C(6)  −97.16(12) 
C(1)–C(2)–C(3)–C(4) 16.29(10) C(7)–C(2)–C(3)–C(4) 140.15(9) 
C(6)–C(3)–C(4)–O(2)  −144.13(10) C(2)–C(3)–C(4)–O(2)  −19.09(10) 
C(6)–C(3)–C(4)–C(5) 95.24(13) C(2)–C(3)–C(4)–C(5)−139.72(10) 
O(2)–C(4)–C(5)–O(3)  −64.35(12) C(3)–C(4)–C(5)–O(3) 54.87(14) 
C(1)–C(2)–C(7)–O(4) 162.26(8) C(3)–C(2)–C(7)–O(4) 42.95(12) 
C(1)–C(2)–C(7)–C(9)  −78.19(11) C(3)–C(2)–C(7)–C(9) 162.50(9) 
C(1)–C(2)–C(7)–C(8) 46.71(11) C(3)–C(2)–C(7)–C(8)  −72.60(11) 
O(1)–C(1)–O(2)–C(4) 175.22(10) C(2)–C(1)–O(2)–C(4)  −4.22(12) 
C(5)–C(4)–O(2)–C(1) 139.52(9) C(3)–C(4)–O(2)–C(1) 14.97(11) 
 
Table 6.  Hydrogen bonds for gw74 [Å and °]. 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA) 
 
O(3)–H(3)...O(4A) 0.82(2) 1.86(2) 2.6732(12) 172(2) 
O(4)–H(4)...O(3B) 0.867(19) 1.83(2) 2.6809(12) 166.9(17) 
 
Symmetry operations for equivalent atoms 
A   x+1/2,−y+1/2,−z+1      B   x−1,y,z        
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5.17 X-Ray diffraction data for structure 212 
 
 
 
Table 1.  Crystal data and structure refinement for gw75. 
 
Identification code  gw75 
Chemical formula  C14H18O3S 
Formula weight  266.34 
Temperature  150(2) K 
Radiation, wavelength  MoKα, 0.71073 Å 
Crystal system, space group  hexagonal, R⎯3 
Unit cell parameters a = 34.740(6) Å α = 90° 
 b = 34.740(6) Å β = 90° 
 c = 5.9988(10) Å γ = 120° 
Cell volume 6269.8(19) Å3 
Z 18 
Calculated density  1.270 g/cm3 
Absorption coefficient μ 0.230 mm−1 
F(000) 2556 
Crystal colour and size colourless, 0.60 × 0.05 × 0.03 mm3 
Reflections for cell refinement 1951 (θ range 2.35 to 22.99°) 
Data collection method Bruker APEX 2 CCD diffractometer 
 ω rotation with narrow frames 
θ range for data collection 2.03 to 24.99° 
Index ranges h −41 to 41, k −41 to 41, l −7 to 7 
Completeness to θ = 24.99° 99.7 %  
Intensity decay 0% 
Reflections collected 16702 
Independent reflections 2444 (Rint = 0.0734) 
Reflections with F2>2σ 1791 
Absorption correction semi-empirical from equivalents 
Min. and max. transmission 0.874 and 0.993 
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Structure solution direct methods 
Refinement method Full-matrix least-squares on F2 
Weighting parameters a, b 0.0554, 11.8116 
Data / restraints / parameters 2444 / 0 / 165 
Final R indices [F2>2σ] R1 = 0.0423, wR2 = 0.1032 
R indices (all data) R1 = 0.0670, wR2 = 0.1166 
Goodness-of-fit on F2 1.000 
Largest and mean shift/su 0.003 and 0.000 
Largest diff. peak and hole 1.048 and −0.243 e Å−3 
 
Table 2.  Atomic coordinates and equivalent isotropic displacement parameters 
(Å2) 
for gw75.  Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
      x      y      z      Ueq 
S(1) 0.09052(2) 0.81924(2) 0.05026(10) 0.02304(19) 
O(1) 0.10052(7) 0.70385(7) 0.4399(3) 0.0401(5) 
O(2) 0.14654(7) 0.71585(6) 0.1569(3) 0.0387(5) 
O(3) 0.12889(6) 0.85757(6) 0.1629(3) 0.0350(5) 
C(1) 0.12066(9) 0.72643(9) 0.2821(5) 0.0290(6) 
C(2) 0.12250(8) 0.76799(8) 0.1916(4) 0.0241(6) 
C(3) 0.14147(10) 0.77110(10) −0.0422(5) 0.0369(7) 
C(4) 0.16968(10) 0.74944(9)  −0.0131(5) 0.0357(7) 
C(5) 0.07846(8) 0.76861(8) 0.2107(4) 0.0222(6) 
C(6) 0.06863(10) 0.77346(10) 0.4538(4) 0.0357(7) 
C(7) 0.03967(9) 0.72864(9) 0.0974(5) 0.0325(6) 
C(8) 0.04230(9) 0.82450(9) 0.1170(5) 0.0317(7) 
C(9) 0.04486(8) 0.86190(9)  −0.0207(4) 0.0256(6) 
C(10) 0.02381(9) 0.85245(10) −0.2267(5) 0.0330(7) 
C(11) 0.02625(10) 0.88634(11) −0.3583(5) 0.0414(8) 
C(12) 0.04948(10) 0.92947(11) −0.2868(5) 0.0423(8) 
C(13) 0.07081(10) 0.93932(10) −0.0836(6) 0.0406(8) 
C(14) 0.06855(9) 0.90590(9) 0.0484(5) 0.0311(6) 
 
Table 3.   Bond lengths [Å] and angles [°] for gw75. 
S(1)–O(3)  1.4938(19) S(1)–C(8)  1.818(3) 
S(1)–C(5)  1.860(2) O(1)–C(1)  1.205(3) 
O(2)–C(1)  1.356(3) O(2)–C(4)  1.453(3) 
C(1)–C(2)  1.513(3) C(2)–C(3)  1.531(4) 
C(2)–C(5)  1.545(3) C(3)–C(4)  1.515(4) 
C(5)–C(6)  1.526(3) C(5)–C(7)  1.528(4) 
C(8)–C(9)  1.504(4) C(9)–C(10)  1.389(4) 
C(9)–C(14)  1.388(4) C(10)–C(11)  1.385(4) 
C(11)–C(12)  1.368(4) C(12)–C(13)  1.378(4) 
C(13)–C(14)  1.375(4)  
O(3)–S(1)–C(8) 105.49(12) O(3)–S(1)–C(5) 106.72(11) 
C(8)–S(1)–C(5) 101.42(12) C(1)–O(2)–C(4) 110.3(2) 
O(1)–C(1)–O(2) 120.4(2) O(1)–C(1)–C(2) 129.5(3) 
O(2)–C(1)–C(2) 110.0(2) C(1)–C(2)–C(3) 102.0(2) 
C(1)–C(2)–C(5) 114.6(2) C(3)–C(2)–C(5) 117.5(2) 
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C(4)–C(3)–C(2) 102.8(2) O(2)–C(4)–C(3) 104.2(2) 
C(6)–C(5)–C(7) 112.4(2) C(6)–C(5)–C(2) 110.5(2) 
C(7)–C(5)–C(2) 112.6(2) C(6)–C(5)–S(1) 110.31(18) 
C(7)–C(5)–S(1) 107.95(17) C(2)–C(5)–S(1) 102.62(16) 
C(9)–C(8)–S(1) 107.85(18) C(10)–C(9)–C(14) 118.6(3) 
C(10)–C(9)–C(8) 119.2(2) C(14)–C(9)–C(8) 122.2(2) 
C(11)–C(10)–C(9) 120.3(3) C(12)–C(11)–C(10) 120.3(3) 
C(11)–C(12)–C(13) 119.9(3) C(14)–C(13)–C(12) 120.2(3) 
C(13)–C(14)–C(9) 120.7(3)  
 
Table 4.   Hydrogen coordinates and isotropic displacement parameters (Å2) for 
gw75. 
 
      x       y       z       U 
H(2) 0.1454 0.7937 0.2796 0.029 
H(3A) 0.1175 0.7548  −0.1524 0.044 
H(3B) 0.1597 0.8024  −0.0904 0.044 
H(4A) 0.1716 0.7357  −0.1542 0.043 
H(4B) 0.2001 0.7714 0.0364 0.043 
H(6A) 0.0395 0.7713 0.4643 0.053 
H(6B) 0.0915 0.8024 0.5105 0.053 
H(6C) 0.0685 0.7497 0.5426 0.053 
H(7A) 0.0353 0.7012 0.1667 0.049 
H(7B) 0.0463 0.7286  −0.0614 0.049 
H(7C) 0.0126 0.7305 0.1142 0.049 
H(8A) 0.0146 0.7964 0.0823 0.038 
H(8B) 0.0422 0.8310 0.2776 0.038 
H(10) 0.0076 0.8226  −0.2775 0.040 
H(11) 0.0117 0.8796  −0.4990 0.050 
H(12) 0.0509 0.9526  −0.3771 0.051 
H(13) 0.0871 0.9693  −0.0346 0.049 
H(14) 0.0833 0.9130 0.1883 0.037 
 
Table 5.  Torsion angles [°] for gw75. 
C(4)–O(2)–C(1)–O(1)  −176.1(3) C(4)–O(2)–C(1)–C(2) 3.7(3) 
O(1)–C(1)–C(2)–C(3)  −163.5(3) O(2)–C(1)–C(2)–C(3) 16.8(3) 
O(1)–C(1)–C(2)–C(5)  −35.4(4) O(2)–C(1)–C(2)–C(5) 144.8(2) 
C(1)–C(2)–C(3)–C(4)  −29.3(3) C(5)–C(2)–C(3)–C(4)  −155.5(2) 
C(1)–O(2)–C(4)–C(3)  −23.0(3) C(2)–C(3)–C(4)–O(2) 32.2(3) 
C(1)–C(2)–C(5)–C(6) 70.2(3) C(3)–C(2)–C(5)–C(6)  −170.1(2) 
C(1)–C(2)–C(5)–C(7)  −56.4(3) C(3)–C(2)–C(5)–C(7) 63.3(3) 
C(1)–C(2)–C(5)–S(1)  −172.19(18) C(3)–C(2)–C(5)–S(1)  −52.5(2) 
O(3)–S(1)–C(5)–C(6) 57.6(2) C(8)–S(1)–C(5)–C(6)  −52.6(2) 
O(3)–S(1)–C(5)–C(7)  −179.24(17) C(8)–S(1)–C(5)–C(7) 70.6(2) 
O(3)–S(1)–C(5)–C(2)  −60.14(18) C(8)–S(1)–C(5)–C(2)−170.34(17) 
O(3)–S(1)–C(8)–C(9) 74.5(2) C(5)–S(1)–C(8)–C(9)−174.33(18) 
S(1)–C(8)–C(9)–C(10) 92.3(3) S(1)–C(8)–C(9)–C(14)  −86.0(3) 
C(14)–C(9)–C(10)–C(11)  −0.5(4) C(8)–C(9)–C(10)–C(11)−178.9(2) 
C(9)–C(10)–C(11)–C(12) 0.1(4) C(10)–C(11)–C(12)–C(13) 0.5(5) 
C(11)–C(12)–C(13)–C(14)  −0.5(5) C(12)–C(13)–C(14)–C(9) 0.0(4) 
C(10)–C(9)–C(14)–C(13) 0.5(4) C(8)–C(9)–C(14)–C(13) 178.8(3) 
